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ABSTRACT 
Keller, Marilyn C., M.A., December, 1980 Botany 
Post-Fire Recovery Within Ravine Forest Communities of Pattee Canyon, 
Missoula, Montana 
On July 16, 1977, a wildfire in the Pattee Canyon area near 
Missoula, Montana, burned 486 hectares on a north-facing slope in 
the Pseudotsuga menziesii/Physocarpus malvaceus (Douglas-fir/ 
ninebark) habitat type. The following November, the USDA Soil 
Conservation Service aerially seeded the area with a mixture of four 
non-native grasses. 
The two-year study was initiated the following spring and follows 
both post-fire vegetative recovery of the ravines and fuel loading. 
The impact of the seeded grasses on both the recovery of previous 
ravine vegetation and the buildup of fuels was a major area of 
concern. Thirteen burned stands were selected to represent the 
range of variation in ravine vegetation. Another stand just outside 
the burn perimeter was chosen for comparison. Vegetation data were 
used to place the stands in a two-dimensional ordination and for a 
cluster analysis. 
In some ravine areas, Pseudotsuga menziesii and Larix occidental is 
survived but no post-fire tree seedlings have been observed in the 
plots, although a few have been observed on a low bench next to a 
ravine. The shrub and natural herbaceous strata appear to have 
recovered very rapidly, resprouting from rootstocks, rhizomes or 
corms. There has been some secondary colonization from species 
surviving the fire vegetatively. 
Some ravine areas were only lightly burned, with natural herba­
ceous and moss strata left intact or regenerating almost immediately, 
and in these areas only trace amounts of seeded grass were found. 
In moist ravine areas, the seeded grass grew vigorously and competed 
strongly with natural vegetation. In the higher, driest ravine 
sites, it was not as lush. The seeded grasses did appear to stabi­
lize the soils well during the excessive rainfall in May, 1980, 
although natural regeneration might have done as well by 1980. 
Fuel loading data were analyzed by the FIREMOD computer program 
for grass fires. Various environmental conditions were considered, 
and these showed that fuels in the ravines are presently sufficient 
to carry a serious grass and shrub fire, especially with 16 to 20 
mph winds. Effects of the grass seeding on potential fires were 
considered as well. Green grass would have an initial dampening 
effect on a fire; however, as the grass cures, this would change 
because the accumulating dead grass would contribute to the poten­
tial intensity and rate of spread of a fire. 
Director: James R. Habec 
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CHAPTER l; INTRODUCTION 
On the hot/ windy afternoon of July 16/ 1977/ a 
wildfire started near the southeast edJje of Missoula/ 
Montana and spread In a southeast direction into Pattee 
Canyon (Figure 1). Before being brought under control/ It 
burned 486 hectares of land consisting mainly of ^?eudotsuqa 
(Mlrbel) Franco forest. This study of recovery 
within the small drainages that had been burned was 
instigated during the following spring for the following 
reasons: first/ relatively few studies attempt to follow 
succession from the first year after a wildfire; second/ 
even fewer Pacific Northwestern studies deal with succession 
in small stream drainages; and finally/ few studies have 
followed fuel loading beginning in the first year after a 
fire. 
The term ravine Is defined by Merriam-V'ebster (1965) as 
"a small narrow steep-sided valley that Is larger than a 
gully and smaller than a canyon and is uaually worn down by 
running water". The drainages In Pattee Canyon refernjd to 
as ravines carry small Intermittent first and second order 
streams. The term "order" refers to the position of a 
stream In the hierarchy of tributaries. First order streams 
have no tributaries but when they meet, they form a second 
order stream (Leopold et al. 1964). 
Whether or not the ravines carrying such intermittent 
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Figure 1. Map of the general location of the Patt^e Canyon 1977 
fire (circled), Lolo National Forest is shown on eastern 
boundary. Other lands shown are private ownership. 
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streams should be consiflerei as riparian areas is open to 
question. Researchers/ studying riparian zones/ express 
different viewpoints. Davis (1977) states that riparian 
vegetation ". . . is an aggregation of floral species 
which depend on a flow of water on or near the surface for 
subsistence." However/ Dlck-Pedrlie and Hubbard (1977) note 
that "riparian [vegetation] may refer to vegetation 
associated ... with small/ even intermittent drainages 
such as arroyos" and Meehan et al. (1977) consider riparian 
vegetation "as any extra-aquatic vegetation that directly 
Influences the stream environment". They also state/ "Plant 
ecologists speak in terms of riparian species and plant 
communities". If riparian areas support riparian 
vegetation/ and riparian vegetation depends upon a flow of 
water at or near the surface for subsistence, then not all 
the ravine sites studied can be considered riparian areas/ 
although many of these sites are riparian. 
These ravines are cooler and molster than the 
surrounding forest/ whether or not these ravines are truly 
riparian. There is a definite gradation of plant species 
down the sides of the ravine and across the bottom to the 
creek. There is also frequently a somewhat different 
community on the east-facing side and slope than on the 
Wast-facing side and slope. When there is overland flow In 
the stream most of the year or all year/ then wet-site 
plants will occupy the streamside. If not/ then these 
4 
plants tend to drop out of the community. 
Some plant species extend their ranges to lower than 
normal elevations within the ravines. The most obvious 
example In Pattee Canyon is Al2i£5 iasiacaiua (Hook.) Nutt. 
Hhich, within the ravines, extends downward Into the 
Esaudatauaa aaniissil/Etizsiifiateiia Mlxaceys (Greene) Kuntze 
habitat type (Pflster et al. 1977). Another example is 
RUliUfi Eii:yl£ifi£US Nutt. which Schuler (1968) described as 
"very Infrequent below 4500 ft." or 1372 meters. It is an 
Important species in ravine stands at least down to 1200 
meters. 
That ravines are important tor a number of reasons, 
Carothers (1977), Meehan (1977) and Thomas et al. (1979) 
have pointed out, Includinj their value to wildlife for 
food, cover and water. Ravines are used as migration or 
travel routes and the diversity and layering of trees and 
shrubs give a variety of nesting sites for birds. They are 
regions of linear edges which are preferred by wildlife and 
the microclimate in ravines is characterized by increased 
humidity and a higher rate of transpiration. Riparian 
vegetation keeps water temperatures down, reduces the impact 
of surface runoff, thus acting as a buffer against sediment 
loading, and forms the basis the food chain for small 
streams. Changes in the riparian canopy can affect wildlife 
uses and cause problems with the water quality. 
Study of these areas Is thus particularly important 
following a major disturbance such as the 1977 fire In 
P'lttee Canyon. Concern that the water quality might 
deteriorate and erosion occur following the fire led to 
aerial seeding of a mixture of perennial grasses in 
November/ 1977. How these exotic grasses might affect the 
recovery ol previous ravine vegetation, their contribution 
to the post-fire increase in fuels and their affect on the 
watershed were major areas of concern during this study. 
The major purposes of this study yere; 1) to follow 
the first years of recovery for the ravine plant 
communities; 2) to follow the build-up of fuels in the 
burned ravines; 3) to gather information on the vital 
characteristics of earl/ succession plants; and 4) to 
compare the variation in the recovering ravine communities. 
Toward these ends, several types of sites were chosen in 
order to relate fire effects to the composition of the 
preburn community, its history of previous disturbance, fire 
intensity and the effects of seeded grasses. During the 
study the use of the ravines by wildlife was noted but not 
detailed in any quantitative way. 
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CHAPTER 2; LITERATURE REVIEW 
Historically/ frequently recurring wildfires have 
played a major role in determine vegetation composition in 
the northern Rocky Mountains (Habeck 1973/ Habeck and Mutch 
1^12^ Lyon and Stickney 1976/ Wellner 1970/ Loope and Gruell 
1973). Early descriptions of the effects of fire in the 
Flathead to Glacier areas of northern Montana by Ayres 
(1900) and Whitford (1905) report on the frequency and 
Vririabili ty of fires in that region. Leiberg (1897) 
commented on the different effects of hot summer fires or 
cooler season fires on revegetatlon in north Idaho and noted 
that/ after a second burn trees do not regenerate/ instead a 
grassy area results. 
Larson (1929)/ also in north IdahO/ vias impressed with 
the post fire variability and the opportunity for a second/ 
more destructive fire ten to twenty years after the first 
when thie dead timber has come down. This observation has 
been repeated recently by Wellner (1970) and Daubenmire 
(1952) who commented that "a primary fire is often followed 
after a few years by a second which burns the considerable 
quantity of litter derived from woody plants that were 
killed but not consumed at the time of the first fire". A 
secondary fire such as this can severely set back the 
progress of secondary succession on a site (Leiberg 1895) 
perhaps leading to brush fields (Daubenmire 1952) and 
closely repeated burning can lead to deterioration of soils 
and sites (Vogl 1970). 
The main causes of fires were assiqned by Leiberg 
(190C) to Indians/ either accidentally or to encourage game/ 
and prospectors. However/ Ayres (1900) noted that man was 
the primary cause of fires on the eastern side of the 
continental divide and lightning on the western side in 
Glacier park. Habeck (1970/ 1972 and Habeck and Mutch 1973) 
points out that the combination of dry summers and dry 
lightning storms common In western Montana leads to summer 
fires in the area. Loope and Gruell (1973) attribute 53% to 
56% of the fires in western Wyoming to lightning. Arno 
(1976) found very short fire frequencies in some areas of 
western Montana that might be attributed to Indian burning. 
Indian uses of fire in western Montana are being researched 
but the amount of burning is difticult to determine (Barrett 
1980). Wellner (1970) points out that there may have been 
more fires during the period from 1860 to 1935 due primarily 
to burning by ahite men as well as the disastrous fires of 
1910/ the drought between 1916 and 1940 and more than normal 
lightning caused fires. 
VanKagner (1978) found the fire cycle for an area to be 
the reciprocal of the average proportion of the whole area 
burned every year and this also equals the average interval 
between fires at any single point. Johnson (1979) uses a 
Weioull function to model fire cycles and to compare fire 
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frequencies to a r-K selection continuum with frequent fires 
at the r end and infrequent fires at the K end. That the 
type ot site and its vegetation are major factors in the 
rotation time is generally recogonized (Heinselman 1973, 
Johnson 1979, and Tande 1979) as is the corollary 
generalization that fire cycles are shorter on dryer sites 
and longer on moister sites (Habecic 1973/ Weaver 1974/ Arno 
1976 and Antos 1977). 
In the northern Rocty Mountains these cycles may vary 
from ten years to four hundred years (Beaufait 1971). A 
number of studies in this area have estimated the cycles for 
specific areas using various methods Including fire scars 
and historical writings (Cooper 1961) as well as charcoal in 
lakes and bog sediment cores (Hehringer et al. 1977) to 
determine the fire frequency. In Jasper National Park/ 
Alberta/ Tande (1979) separated his fire frequency data by 
the size of the fire and found mean intervals between fires 
under 500 ha. to be 5.5 years, fires between 50C and 43/2C0 
hi. to be 8.4 years and fires over 43/20C ha. to be 65.5 
years. In a study in northern Yellowstone National Park/ 
Houston ( 1973) found the mean interval between £ires to be 
20 to 25 years/ while in Jackson Hole, Wyoming/ Loope and 
Gruell (1973) found lower frequencies and estimated the mean 
natural fire frequency to have been one fire per 50 to 100 
years. 
Antos (1977), working In the mesic Swan Valley of 
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north-western Montana and using stand age data/ found 
replacement burns occurred with a mean of 150 years (50 to 
300 years) and noted fire scars indicating non-replacement 
burns* In data from stands sampled during the Montana 
forest habitat study of Pfister et al. (1977)/ Arno found a 
mean of twenty-nine years between all fires with over 40% of 
the stands showing obvious evidence of ground fires of low 
to medium intensity in stands of the PSME/PHMA habitat type 
(Arno 1978). Charcoal found in sediments taken from Lost 
Trail Pass bog about 140 km. south of Missoula indicates 
frequent low to medium intensity fires in that area 
(Mehringer et al. 1977). However/ fires appear to have 
been more frequent during the past 2000 years. 
Arno (1980) found/ for the period from 1600 to 1910 for 
18 stands in the Bltterroot Valley/ that maximum fire-free 
intervals in the E5£Ud2lsiiai!/EbY5JB£3£Eti5 habitat type were 
mostly between thirty-five and sixty years with mean fire 
free intervals of thirteen years in the north Bltterroot/ 
where Indian use may have been heavier/ and twenty-six years 
in the south Bltterroot. Ground fires of low to medium 
intensity were common/ and allowed little time for fuel 
accumulation/ although tires burned with greater intensity 
on steep terrain and north-facinj slopes where dense young 
Douglas fir carried them above ground. Schuler (1968) found 
a majority of his stands in Pattee Canyon to be young 
developing stands that had either been burned or cut in the 
recent past. The few old! aged communities he found were at 
higher elevations in the canyon (1524 to 1830 meters). 
The general effects of fire Include both the effects on 
the biotic and abiotic elements of the community. The 
effects of fire and fire suppression on fuel are cited 
below. There is an extensive literature on fire effects on 
soil some of which is reviewed in Ijells et al. (1979). It 
has long been recogonized (Leiberg 1897) that fire can have 
a major Impact upon an area's hydrology and water quality 
(Helvey 1974/ Grien 1975/ Snyder et al. 1975 and Mccoll and 
Grigal 1977). Erosion is a major factor In the disruption 
of the hydrology and water quality (Connaughton 1935, Steele 
1960 and Wellner 1970) and seeding a burned area as was done 
in Pattee Canyon is one method used to combat this problem. 
In a study of seeded versus unseeded post-burn areas, Drr 
(1970) found a 60% decrease in both runoff and sediment 
production within 3 to 4 years after the fire on the seeded 
areas. He cites similar studies In south-central Idaho and 
Utah as showing 70% and 65'^ decreases. Lyon and Stlckney 
(1976) reported that seeded grasses significantly reduce 
survival of tree seedlings In Motitana. 
The response of plant communities to tire Is varied. 
Frandsen (1980) developes the idea ot the eventual 
vegetational response as ultimately dependent upon prefire 
conditions. Other factors influencing post fire vegetation 
and succession, include chaxice as an important factor (Rowe 
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1961). Rowe (1979) also emphasized the Importance of fire 
severity and frequency in revegetation. VogI (1970) 
specifically lists factors producing variability in post 
fire succession mentioning/ in addition to pre-fire 
conditions and the fire's characteristics/ the presence of 
horbivors/ the post fire conditions needed for plant 
establishment/ the availability of seed sources/ seed 
production and dispersal/ the effect of the ash-bed and post 
fire climatic conditions. 
Wright and Heinselmen (1973) summarize potential fire 
effects affecting vegetation in the coniferous forests of 
west and north North America, Other discussions of fire 
effects on vegetation are found in Daubenmire (1952 and 
1974)/ Franklin and Dryness (1969) and Shearer (1975). The 
effects of fire and fire exclusion on fuel loads and 
succession are discussed in a number of papers by Beaufait 
(1971)/ Dodge (1972)/ Habeck (1973 anfi 1976)/ Habeck and 
Mutch (1973)/ Heinselman (1973)/ Houston (1973)/ Lunan and 
Habeck (1973)/ Howe (1974) and Weaver (1974). 
The modern theory of succession/ whether primary or 
secondary (post fire) succession/ is generally attributed to 
Clements (1916/ 1928). His theory ot orderly/ progressive 
change toward a climatic climax/ comparing the community to 
an organism's birth/ life and death/ was part of a long 
tradition of natural philosophy which held that there was 
describable design in nature. Mcintosh (1980) gives an 
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excellent review of succession theories, however/ a few 
points will be reviewed below, A "traditional" view of 
succession toward a climax is evident in the work of many 
ecologists including Whittaker (1953), Odum (1969), Hargalef 
(1963) and Krebs (1972). In the northern Rocky Mountains 
Leiberg (1897, 1900) and Larson (1929) described traditional 
successional stages. 
Clements, himself, stated that secondary successions 
were often truncated with climax species appearing 
immediately after the disturbance. However, in 1923 Cooper, 
published a diagram showing some climax species present at 
the start of a primary succession as well. He also 
disagreed with the organismic concept of vegetation and 
considered the term clinax to be too final (Cooper 1926). 
Later Egler (1954) put forth the concept of initial 
floristics, with differential growth rates responsible for 
the apparent succession. 
In the northwest Hofraann (1924) recognized that climax 
trees seeded In directly after a fire and Daubenraire (1952) 
listed phases of dominance while recognizing that members of 
the climax were present by the second year after tha fire. 
Kellman (1969) found that the species present before the 
fire generally remain. After both logging and burning 
Dryness (1973) found only 13% of the species characteristic 
ot undisturbed communities were missing after five years. 
In a Isyaa tifilgtaahiliil (Raf.) Sarg. zone Miller and Miller 
(1976) found Isiiaa h£t2£2Bb£lia with substantially more 
cover than Pseudotsuaa meQiiasii but the latter was making 
more rapid growth and thus appeared dominant. Working in 
the northern Rocky Mountains an?1 Montana, Lyon and Stickney 
(1976) have also found species present before the fire 
generally remain. 
Cowles (1911) viewed plant succession as a cyclic 
phenomenon with erosion cycles and other biotic cycles/ 
including fire/ within broad climatic cycles. Krebs (1972)/ 
argued that the climax was an abstract concept seldom 
actually reached and agreed with the concept of cyclic 
changes in communities. Odum (1969), asserted that 
ecosystems as well as populations cycle or "pulse". 
Margalef (1963), another traditionalist, showed that 
diversity will peak during early or midsuccession and then 
decline in the climax, however Odum (1971) also pointed out 
that no one has ever been able to follow total species 
diversity in a successional series. Whittaker (1953) 
disagrees with the idea of a single, climatic climax, 
instead viewing climax stands as parts ot a broad, often 
continuously gradational pattern. 
Gleason (1927) took exception to the ilea of succession 
as a predictable phenomenon; he believed that climax 
communities were still changing slowly, and that all change 
rests with the Individual species. Drury and Nisbet (1973) 
ajree with this stating "A comprehensive theory of 
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succession should be sought at the organisralc or cellular 
level/ and not in emergent properties of communities," 
Among the long term eftects of fire/ Is Its effect on 
evolution. Fire can act directly on a species bv acting 
through mutation; by causing migration and thus genetic 
mixing/ or isolation and thus genetic drift; or indirectly 
through selection pressures (Howe 1974). The latter is 
generally considered most important although Rowe (1979) 
points out the difficulty of deciding if repeated fire or 
some other agency is responsible for an adaptation. Some of 
the ways that fire might act as a selection agent include 
the development of insulative bark/ seed transportability/ 
cone serotiny/ and stimulating) allelopathy (Howe 1974). 
Perry and Lotan (1979) have recently published a model 
showing how fire can select for serotiny in EinuS {LaalQCla 
Dougl. Shafi and Yarranton (1973) proposed that 
evolutionary pressures/ in an area of frequent fire/ would 
tend toward rapid growth and reproduction within the average 
time available before the Incidence of fire and toward 
effective regeneration after fire. Selection could 
stimulate the development and maintenance of flaramabllity 
and possibly suppress the development of genetic resistance 
to certain pests (Howe 197 4) thereby leading toward the 
developement of communities adapted to and dependent upon 
repeated burning (Mutch 1970). 
Marks (1974) defines stability as "(1) a certain 
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capacity of the system to resist change or disturbance and 
(2) a certain capacity of the system to recover from 
disturbance/ once the limits of resistance have been 
exceeded'*# Habeck (1972^ 1973 and 1976) emphasizes the 
mosaic of communities found in the landscape in areas of 
frequent natural fire such as the northern Rocky Mountains 
and Loucks (1970) summarized the entire situation with his 
concept of the "...'stable system' capable of repeating 
itself every time a perturbation starts the sequence over." 
Wright and Heinselman (1973) put this in perspective with 
the earlier discussed theories of succession by viewing 
Lf»ucks' concept as the long range equilibrium with fire and 
succession to a climax as the short range equilibrium with 
fire. 
More recently attention has been given to the response 
of the individual plant species to tire and identifying the 
mechanisms which cause various types of vegetative change in 
successions. The plant life-forms of Raunkiaer (1934) are a 
useful Way of relating the plant to its ability to withstand 
fire as well as weather (Habeck et al. 1980, unpublished) 
Another useful way of classifying plant strategies is the 
concept of r- and K-selection proposed by MacArthur and 
Wilson (1967) and expanded by Pianka (1970) and Whittaker 
(1975). Grime's (1979) triangular model of plant strategies 
for adapting to stress and disturbance relates very well to 
the problem of identifying the mechanisms of vegetative 
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change in succession. Another model/ first proposed by 
Noble and Slatyer (1977) and further developed with 
Catelllno et al. (1979) and by '-'owe (1979) specitically 
directs attention to those adaL>tations that are important to 
survival in the fire environment. It places more emphasis 
on the method of regeneration after a fire. Earlier work on 
the methods of regeneration deilt with Raunkiaer's growth 
forms (Miller and Miller/ 1976) or with buried seed banks 
(Hofmann/ 1924/ Kellman 1970/ Marks 1974/ and Archibold 
1979) or with seed transportation (fiofmann 1924 and Howe 
1974). 
Other models for post fire succession have been 
proposed that relate directly to the northern Rocky 
Mountains. One of the earliest/ directly applicable to the 
northern Rocky Mountains/ was Habeck's (1968) for 
cedar-hemlock forests in Glacier National Park which nodeled 
the results of fire at different successional stages. More 
recently Davis et al. (1979) presented a similar model for 
EsaUiJaiSUaa fflfiQiiesii habitat types in the Lolo National 
Forest (Figure 2) and Arno (1979) presents a simple model 
for Esgud2iauaa/EtlY52£3tE]J^ habitat types in west central 
Montana. The ffiore general mo lei of Lyon ancJ Stickney (1976) 
describes early serai vegotatioii based on the adaptive 
characteristics of on-site vegetation plus the dispersal 
abilities of off-site vegetation. Irwin and Peck (1979) 
proposed a multiple regression model for shrub revegetation 
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Figure 2. Succession in Douglas-fir climax series habitat types 
dominated by Douglas-fir (Davis et al. 1980). 
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after logging/ Including clearcuts with slash burning. 
A review of succession models is presented by Kesseli 
(1980) uho divides models into three classes; 1) conceptual 
models/ 2) specific models and 3) integrated systems. Most 
of the models discussed above are specific models. 
Integrated systems represent an attempt to consi'^er the 
entire ecosystem rather than a community and go beyond the 
scope of this thesis. Connell and Slatyer'S 1977 paper 
presents three conceptual models/ each of which applies to 
certain communities under certain disturbance regimes 
(Kesseli 1980). The first or "facilitation model" is the 
traditional Clement's model or Egler's "relay floristics" 
model. The "tolerance model" assumes all species both early 
and late can Invade immediately (this much is similar to 
"initial floristics", Egler 1954) but the later succession 
species are able to tolerate lower levels of resource and 
persist. The "inhibition model" also assumes that any 
adapted species can invade but that they make the site less 
suitable for later arriving species so that the early ones 
persist. 
There are few specific references to ravines and fire. 
Heinselman (1970) notes that ravines are generally less 
inclined to burn than the forests around them and Forsyth 
(1975) commented that ravines usually do not burn as 
intensely. On the other hand Ahlgren (1960) reviews the 
effect of heat on soil moisture and points out that moist 
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heat Is more damaging than dry heat to plant parts. 
Much of the work dealing with riparian zones is 
concerned with larger stream side forests (Bell and del 
Moral 1977/ Franz and Bazzaz 1977/ Garten et al. 1977/ and 
Habeck 1978)/ or with ri?ariaa habitats in arid regions some 
of which is sumnarlzed in the symposium on "Importance/ 
Preservation and Management of Riparian Habitat"/ 1977. 
Other publications on riparian zones in arid regions include 
Boldt et al. (1978) and Thomas et al, (1979). 
In a study of the ravines of the Flnjer Lakes region in 
New York Lewln (1974 and Glenn-Lewln 1975) found the most 
important axis of vegetation gradation to be the gradient up 
the ravine side and that diversity and dominance followed 
t^jis gradient with diversity being greatest in the ravine 
bottom and dominance being greatest at the top. A study by 
Miller and Johnson (1977) of riparian communities along 
small tributaries in western Idaho found strong correlation 
between vegetation types and stream channel stability. And/ 
a study of riparian vegetation along first- through 
third-order streams in western Oregon by Campbell and 
Franklin (1979) describes and ordinates these communities as 
well as detailing blomass production. Working in an area 
about 50 km. northeast of Missoula and Pattee Canyon/ Lee 
(1978) concluded that riparian vegetation in first- and 
second-order drainages in his study area represents 
distinctive plant associations. 
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CHAPTER 3: STUDY AREA DESCRIPTION 
LOCATION. 
The Pattee Canyon drainage is located in the northern 
end of the Sapphire Mountains in west-central Montana 
(Figure 1 page 2) just southeast of the city of Missoula 
(Longitude 114° 00' West; Latitude 46O50' North). It is 
approximately 6.4 kilometers long/ running from east to 
west/ and 5.6 kilometers wide from north ridge crest to 
south ridge crest. The ridge on the north Is formed by 
University Mountain and that on the south by Mitten Mountain 
and Mount Dean Stone. Pattee Creek drains the area and is 
fed by more than a dozen first to third order tributaries 
draining the side ridges. 
The area studied is the north-facing slope of the 
canyon lying below Mount Dean Stone (Figure 3). The ridge 
top is between 1707 and 1890 rasters elevation. The ravines 
in this area contain intermittant first and second order 
streams. The uppermost ravines are formed a little below 
the ridge line. They are for the most part very narrow, 
steep and appear to lie directly on bedrock. As the ravines 
continue downslope the gradient steepness starts to lessen 
someMhat and the ravines exhibit alluvial and colluvlal fill 
and are much wider. Slopes within ravines in the upper area 
are between 35 and 40 degrees. As the ravines continue/ 
they tend to broaden and the gradient becomes more gentle. 
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Figure 3. Map of Pattee Canyon Land Holdings. Represents Lolo 
National Forest. State of Montana. " 
Represents private land riot seeded with grass. 
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However/ this is not a rule# only n trend, and there are 
narrow/ steep, ravine segments in this lower area as aell as 
the broader gentler sites. Slopes In the broader, gentler 
sites range between 9 and 15 degrees. 
Land holdings in the area are divided between private. 
State, and Federal ownerships. Within the study area, 
eighty acres are state oaned (Figure 3). Also within the 
burned area is a wedge shaped parcel of Federal land (Lolo 
National Forest, Figure 3). The rest ol the land is private 
ownership. None of the fourteen ravine stands are located 
on Federal land, but four stands are located on the State 
owned eighty acres. 
GEOLOGY. 
Bedrock in Pattee Canyon consists of quartzites and 
argillites of the Belt Series consolidated from sandstones 
and shale laid down In an Inland, Precambrian sea. The 
present Rocky Mountains were uplllted principally during the 
middle Tertiary about forty million years ago. From the 
middle Tertiary to the onset of tiie Pleistocene ice ages the 
Rocky Mountain area was arid desert. Drainage was internal 
and as the mountains gradually wore down, the valleys filled 
with several thousand! feet of sand, mud and gravel deposits. 
The Missoula valley was filled with sediment up to about 
1219 meters. As the climate became wetter at the end of 
this period a superimposed drainage system formed and some 
of the valley fill was scoured out. 
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During the Pleistocene Ice ages Pattee Canyon was not 
glaciated. However/ Glacial Lake Missoula extended into 
Pattee Canyon (Alden 1953). The highest level that Glacial 
Lake Missoula reached was about 1326 meters (Alt 1980 
P^Jrsonal communication). For a more fletailed discussion of 
the geological history of Pattee Canyon see Schuler (1968). 
Within the study area/ above approximately 1250 meters/ 
many of the west/ or east-facing/ slopes have a mantle of 
coarse talus. The most probable reason for these talus 
slopes being on west slopes is based on the way these 
mountains were uplifted. The dip of University Mountain is 
30 degrees east. Assuming that the ridge on the south side 
ot Pattee Canyon is part of the same fault block/ it is also 
30 degrees east. Therefore/ the slopes into the ravines on 
the west/ which are also close to 30 degrees in many places/ 
are parallel to the rock strata. Frost heaving or alternate 
freezing and thawing of the bedrock causes it to slough off 
and talus results. The opposing slopes on the east side of 
the ravines are perpendicular to the rock strata and the 
rock does not slough off/ instead/ i^eathering in place 
occurs and deeper soils are formed (Alt 1980 personal 
communic ation). 
A stream can be viewed as a random process involving 
water. In doing so one finds that the overall long profile 
of a stream is an exponential concave curve (Leopold et al. 
1964). These small tributaries to Pattee Creek appear to 
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fit this curve. 
As a stream flows downward/ it picks up sediment and 
transports it downward until the load of sediment becomes 
too large for the water to transport. When this happens, 
the stream immediately deposits sediment in its bed. This 
sediment eventually increases the stream gradient so that 
the stream can carry the sediment load. One indication that 
a stream is depositing sediment is a braided or meandering 
stream. 
The small first and second order streams within Pattee 
Canyon flow overland during the highest/ steepest part of 
their gradient and appear to be flowing over or near 
bedrock. As the gradient lessons, as predicted by the 
concave curve cited earlier, the streams literally disappear 
into an area that appears to consist of alluvial and 
colluvial deposits. Downhill the streams reappear as 
springs, flow overland for varying distances and then, 
during the summer, disappear again into areas of deposit. 
During spring runoff, after the initial disappearance and 
reappearance the streams flow overland to Pattee Creek. As 
more water flows into the streams by runoff and seepage from 
the side slopes, the streams get larger and the amount of 
overland flow increases. 
Why these small stream systems have such large amounts 
of alluvial and colluvial deposit in their beds that they 
are unable to move, is an Interesting and speculative 
question. One theory is that the ravines were originally 
cut to much of their present depth during an earlier wetter 
period. However/ over a long enough period of time/ even a 
small stream can do a great amount of work and cut a deep 
ravine. It may simply be that these streams do the largest 
amount of sediment moving each year during spring runoff and 
are unable to continue during the summer so that deposits 
build faster than the stream Crm, in most years/ carry them 
off. 
The lowest ravines are lower than the level of Glacial 
Lake Missoula and thus were cut following its final 
drainage. The upper ravines were possibly cut during the 
same earlier period as the hanging valleys on the face of 
Mount Sentinel to the north of Pattee Canyon. 
SOILS. 
Soils in the study area are in the Tevls series (L. T. 
Stem 1980/ personal communication). They are colluvlal 
soils derived from argillite and quartzite. Soils in the 
Tevls series are found on mountain slopes of 8 to 60 
percent/ between 920 to 1680 meters, and with a mean annual 
precipitation of 740 to 1140 rallliraeters, most of which 
falls as snow or spring and early summer rain. The mean 
annual air temperature is between 3.5 to 6.0 degrees 
centigrade. The potential native vegetation is coniferous 
forest consisting of EaaU£lfit£iiaa oaaiiasii/ EiDUS 2fitid£ifisa 
Dougl./ L3£iX Nutt. with an understory of 
Eilzsflcaccus maixa££US/ Pall./ i<a££iciu!2 
iilaliuiatfi Rydb./ Jiaxseliiliuffl tfinas (Pursh) Nutt., EQ§a 
HQiidsli Lindi. and ctiimaaliiia umiifiiiala (l.) Bart. 
Soils in these drainages of small first and second 
order streams are probably the same as in the surrounding 
forest. A study in Oregon reported first and second order 
stream riparian soils to be the same as the soils of the 
surrounding forest (Campbell t. Franklin 1979). Some areas 
must be in part alluvial, but they are still derived from 
the surrounding forest. 
During spring spates fine soil particles are carried 
downstream and out of the area, while coarse fragments are 
deposited. Thus, ravine soils tend to have a high 
proportion of coarse fragments. The per cent composition of 
coarse fragments is variable, since they were deposited by a 
stream that has wandered across the ravine during different 
time periods. 
Soils derived on the talus slopes and at their bases 
appear to be shallow and dry, as evidenced by sparse plant 
cover. Those on the opposing side of the ravine appear 
deeper and moister, although still rocky. These 
combinations influencing soil depth and the amount of coarse 
fragments have created a mosaic pattern in ravine soils. 
CLIMATE. 
Climate in the Missoula area is strongly influenced by 
the Pacific Ocean where most of the area's weather 
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originates. Air masses move from nest to east across the 
Coastal Range and the Cascade Mountains dropping ciuch of 
their moisture as they cross these ranjes. Next the air 
mass encounters the northern Rocky Niountains and more 
moisture is dropped on the upper Bitterroots west of 
Missoula. Missoula lies in the rain shadow of the 
Bitterroots and receives a mean annual precipitation of 304 
to 381 millimeters. Missould's climate is also influenced 
b/ the Continental Divide to the east. Arctic cold storms 
slide down the easterit side of the Divide from Canada and 
only one or two a year penetrate into western Montana 
causing severe winter cold. Most of the moisture in 
Missoula and Pattee Canyon falls as snow during the winter 
or as rain showers during May and June. Midsummers are dry. 
Pattee Canyon receives more moisture than Missoula 
itself. Air masses are pushed up and over the Sapphire 
Mountains of which it is a part and this, with the increase 
in precipitation concurrent with an increase in elevation, 
gives it more moisture antnually. 'iissoula precipitation is 
measured at the airport west of town by the United States 
Weather Service and by the U.S.D.A. Forest Service. There 
are, as well/ official yeather service stations in other 
areas of town. Dr K. Erickson maintained an official 
weather service station in Pattee Canyon from January 1976 
to April 1978 at 1143 meters elevation. #;hile this is not 
sufficient data to reach any definite conclusions about 
Pettee Canyon's annual precipitation/ it is an Indication 
that precipitation amounts are generally higher than those 
recorded at the airport. Or Erickson's data are summarized 
in Table 1 with the airport data, 
VKGETATIUN OF THE STUDY AREA. 
The north slope of Pattee Canyon in the burned region 
is a Ssfiudaisuaa asQiissil/Eiii^sacatEiis EJlocfius (Douglas 
fir/ninebark) habitat type as /letermined by Pflster et al. 
(1977). Most of the burned area fits the Physocarpyg 
!Si3lKJ£51iS phase/ however/ a few upper portions of the west 
facing ravine slopes might be within the Calamairost 
lUfeasSSDS Buclcl. phase on the basis of understory 
vegetation. 
In 1968 John Schuler completed a phytosociological 
study of the Pattee Canyon area ^ifhich provides some prefire 
vegetation data for the burned arei. Unfortunately his data 
are based principally on upland sites rather than ravine 
sites, so his data refer to the general vegatation only. He 
points out the variation created by topography overlain with 
a complex of disturbance initiated by past logging 
opertations and past fires. Large areas were dominated by 
dense stands of trees with few understory shrubs and herbs. 
The dominant tree species in the preburn condition was 
second growth EsaudalSUaa iDSQiifiSii (Douglas fir) but LatiX 
2£LC.li3£0£aiiS (western larch), and occasional Etaus l2.Qa!l£t2S.a 
(ponderosa pine) and EIdhs caniocll! (lodgepole pine) were 
Table 1. Precipitation data from the weather station at the Missoula 
Airport (H.A.) and Dr. Erickson's weather station in Pattee 
Canyon (P.C.). 
Precipitation in millimeters 
Year 1975 1976 1977 1978 1979 
Station M.A. M.A. P.C. M.A. P.C. M.A. P.C. M.A. 
January 51.6 22.9 26.2 16.8 20.3 29.2 37.1 31.8 
February 45.0 26.4 37.3 4.6 1.5 16.8 37.8 26.4 
March 18.8 10.2 16.5 24.9 38.1 17.0 29.5 31.0 
Apri 1 25.7 23.9 51.3 2.0 3.6 27.4 26.4 
May 34.3 20.1 34.5 54.1 86.9 50.3 18.8 
June 51.3 38.6 81.0 16.8 27.4 19.6 17.0 
July 38.4 30.5 38.1 18.3 23.9 14.5 19.6 
August 51.6 22.4 36.8 32.5 33.8 28.2 33.3 
September 13.0 14.7 21.6 42.4 48.8 45.2 1.3 
October 89.2 8.4 12.4 18.3 25.7 .3 24.6 
November 29.2 5.6 16.0 25.9 40.1 25.4 12.7 
December 21.6 6.4 8.4 73.2 105.7 25.1 20.6 
TOTAL 469.4 229.9 380.2 329.7 455.7 298.7 263.4 
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also Included. 
Prefire stands on the north slopes Included the 
ubiquitous shrubs ainilfiiia/ Eh^sflsiataua 
(L.) Blake, 
i2£lUillQliar and Egsa SUjl with iasLcinium alizUuiais and 
RtitlUS PagyiflSCM? which are common on toesic sites above 4500 
feet (1372 meters) elevation, according to Schuler. The 
most widespread herbs Schuler lists are Arniqg coLdiialia 
Hoolc., CatfiJt afiifiti Roott and ££2Jaiia JCililiaiaQa Duchesne. 
He lists as ubiquitous but not confined to most raesic or 
xeric sites: Achiilsa fflillfiiaiiya l., Milium £S£DUiiiB Roth, 
Canaaouia LaLuadlX&lla l* and amiiasiiQa j^lfiiiata* (l.) 
Desf, Species that have general distributions but with 
higher frequencies on meslc sites are fcyythrgpium 
flJCaDdiilfltUID Pursh and itclftstanliviaa uitarutai (L.) Spreng. 
Species he found primarily on more meslc sites include 
Clfiialia caiuaitiiaaa Nutt. t .  « . n . ,  Qsmfltiiiia occiiifiQjLaiis 
H. & A., fificijatis Es££ns Lindi. and iJialiclium iiccidfiQtaia 
Gray, and the most mesic species were LiQDafia liaisiliis L. 
and £t]lmaiitiiia umtifiliala* 
In viewing the general vegetation pattern of Pattee 
Canyon there is an overall trend to more and more raesic 
species as one proceeds further up the canyon. The 
Increasing elevation causes an increase In precipitation and 
lower temperatures which reduce evaporation. Slope exposure 
influences this pattern also, with more mesic species on the 
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north-facing slopes of the canyon. 
THE FIRE OF 1977. 
The wildfire that burned Pattee Canyon on July 16 and 
17, 1977 started in a grassy field near the west end of 
Pattee Canyon . The late afternoon Ignition was fostered by 
high temperatures/ low humidity and gusty winds with a very 
high Fire Danger Rating for that day, and the fire raced 
quickly eastward up the slope of the field and into conifer 
trees at the east end of the pasture. Once in the trees the 
fire crowned and rapidly spread into Pattee Canyon where it 
burned approximately 486 hectares and destroyed five homes. 
The fire was controlled the next day with the help of cool/ 
rainy weather and officially declared contained on July 18. 
During the next two weeks a team of Federal and State 
specialists appraised the damage to the watershed and 
prepared a report on damage to the watershed. As a result 
of this report the area was seeded with a grass mixture from 
a helicopter during November on snow/ as part of a 
rehabilitation effort by the U.S.D.A. Soil Conservation 
Service. One private parcel on the west side of the fire 
was exempted from this seeding at the owner's request. For 
the seeding operation the area was divided into a low 
elevation zone below 1341 meters (44CC feet) and a high 
elevation zone above 1341 meters. In the low elevation zone 
two grasses were seeded; Latar orchard grass (HasLiyLiS 
L.)/ 4.5 kilograms per hectare; and, Luna 
pubescent wheat-grass (a complex of both AaiS2il£2D 
lUiCllfiEbfilUai (Link) Rlcht. ani AatftailfiC inlfiliUSdiUEl (host) 
Beauv.), 2.13 kilograms per hectare. In the high elevation 
zone three grasses were seeded: Latar orchard grass 
(DactrYjLAs aiaiasraliJ)/ 4.5 kilograms per hectare; Kenmont 
tall fescue (Elaaluca acUQiilDaca^a Schreb,), 9.0 kilograms 
per hectare; and/ Manchar sn«ooth brome (E£fi!!iua lllSLDllS 
Leys.)/ 15.7 kilograms per hectare. 
During the fire the ravines burned with differing 
degrees of severity. Several different factors appeared to 
affect the fires severity. The amount of moisture present 
in the ravines and correspondingly in the vegetation was a 
major factor. The wettest sites were burned minimally, 
nround layer vegetation in such sites was not burned except 
in occasional spot fires and shrubs such as A£S£ qlabrum 
Torr. were able to resprout from undamaged upper branch 
axillary buds. 
Another factor which lessened the severity of the fire 
In some areas was previous logging which reduced the fuels 
present. This logging resulted/ however/ in physical 
disturbances to the ravines. 
Two other factors reduced fire severity in the ravine 
sites. One was the common presence of tjlus slopes in many 
areas above 1400 meters on east-facing slopes. Since the 
fire spread from the west and these slopes were sparsely 
vegetated and had a low discontinuous fuel load/ these talus 
slopes served to lessen the severity of the fire in the 
ravine positioned below them. Also, the fire apparentl/ 
jumped over one very steep sided and narrow ravine area. 
Trees and other vegetation within this ravine segment were 
not burned, although the fire continued its progress on the 
far side of the ravine. 
PREVIOUS FIRES. 
In addition to Schuler's (1968) finding that most of 
his stands were young, developing following fire or logging, 
and Arno's (1980) finding that mean fire free intervals in 
Bitterroot Pge^dQt::;yqg/PhYg9C3irP'4-^ habitat types ranged from 
thirteen to twenty-six years, a Einus EfiQdS£Qaa 
cross-section from the 1977 burn area was inspected in 1979 
by Habeck (personal communication). Fire scars on this tree 
showed previous fires in 1928, 1902, 1815, 1805, 1792, 1783, 
1702 and 1672. The tree's estimated age was 497 years, 
giving a raean fire frequency of 62 years, although, fires 
actually occurred at much shorter or longer intervals. 
During the collection of fuel loading data, information 
was collected on some trees that survived the fire. This 
information is summarized in Table 2. Laiix. Qccldentpjtj.g 
Nutt. and EiDUS aJ3Dl3s£2S§ frequently sprout from seeds 
following a fire. The data from those species in each stand 
may offer some information on the date of the last fire in 
that area, although the sample size is necessarily small. 
Table 2. Pattee Canyon ravine tree data. Trees examined were survivors in burned stands 5, 11 
and 12, and those within random plots in control stand 15. 
Core 
Height Ring Estimated Years Estimated Diameter Breast Height 
Stand Tree Species (cm) Count to Core Height* Age High (cm) (m) 
5 Larix occidental is #1 28 70 5 75 48.3 
Larix occidental is # 2 60 58 10 68 36.9 
Pseudotsuqa menziesii 95 73 15 88 38.9 
11 Larix occidental is 89 68 14 82 43.4 25.2 
Pseudotsuaa menziesii #1 46 148 7 155 37.9 24.2 
Pseudotsuaa menziesii #2 53 125+ 8 133+ 37.3 22.3 
12 Larix occidental is 46 66 7 73 40.1 27.0 
15 Larix occidental is #1 130 69 21 90 30.5 29.8 
#2 120 59 20 79 36.1 29.8 
#3 120 72 20 92 39.9 30.7 
#4 70 72 n 83 32.5 25.0 
Pinus ponderosa 120 50 20 70 26.2 12.3 
Pseudotsuqa menziesii #1 no 90 18 108 34.3 21.5 
II It #2 70 70 11 81 31.0 22.6 
n n #3 70 59 11 70 26.9 17.5 
II 11 #4 60 57 10 67 16.0 
II II #5 65 50 10 60 13.2 
*Arno (1976) estimated five years growth for trees bored at 30 cm on the Bitterroot National Forest. 
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CHAPTER 4: METHODS 
FIELD PROCEDURES. 
Field reconnaissance beyan in the spring of 1978. 
Since there were to be two post-fire recovery studies/ one 
of the upland sites and this study of the ravine sites/ it 
Was decided to use the same field methods for both studies^ 
so that direct comparisons could be made. Stand sites were 
selected on the basis of homogeneity as far as could be 
judged by the exposure, side slope and degree of burning 
experienced as well as the vegetation or remnants of 
vegetation present. Because many of the ravines had been 
disturbed during previous logging, absence of disturbance 
was not a criterion for. selection; disturbance, however, 
was required to be uniform throughout the stand and stands 
were established as far from old logging roads as possible. 
Former logging roads crlscross the upper ravines, frequently 
at intervals of less than 7 0 meters in the upper part of the 
burn, making location of sample stands completely free of 
road effects an impossibility. Also, in the uppermost part 
of the burn, the ravines are very narrow, less than the 5 
meter wide plots in most cases; therefore, these areas were 
not sampled. The lowest areas burned, in section 3 (Figure 
4), occur on private holdingsthat were mostly salvage-logged 
during 1978. No stands were placed in this section due to 
the logging. 
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Fourteen stands were finally selected for detailed 
study (Figure 4). They were deliberately chosen to 
represent as much variation in the degree of burn Intensity/ 
moisture and altitude as possible. A single control stand 
lies just outside the burn perimeter. Several attempts were 
made to find other unburned control siteS/ but none were 
found in Pattee Canyon that matched the burned ravine areas 
closely enough to merit selection. While ravine A was 
unburned/ it was too moist to compare with the burned 
stands. Since the burn was a wild-fire and Schuler's (1968) 
data are for upland sites only/ there is no pre-burn data on 
the vegetative composition of the burned stands. 
The permanent plots for vegetative sampling are 
modelled after Lyon and Stickney (1976). Each plot consists 
of two 5 X 25 meter transects each divided into five 
contiguous 5X5 meter blocks producing a 5 X 50 meter long 
plot. Each of the 5X5 meter blocks contains four nested 
quadrats in which vegetation Is sampled according to height. 
Hithin the 5X5 quadrat/ trees and shrubs over 2.5 meters 
in height are sampled. Within the 3 X 3 meter quadrat, 
trees and shrubs between 1.5 m. and 2.5 m. in height are 
sampled. Within the 1.5 x 1.5 meter quadrat/ trees and 
shrubs between 0.5 m. and 1.5 m. in height are sampled. 
Trees and shrubs less than 0.5 m. in height and all 
herbaceous plants were sampled in the two 0.5 X 0.5 meter 
quadrats nested in each 5X5 meter quadrat (Figure 5). 
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Figure 5. Permanent Plots for Vegetative Sampling. (After Lyon and 
Stickney 1976) 
Transect I Transect 2 
5 m. Plots 
25vnj« 50 m. 
/ 
0 3 5 8 
/ 
/ 
/ 
10N^13 15 18 20 23 25 
\ 
5 X 5 m. 
3 X 3 m. 
5 X 
5^ 
0 l\ 3 
.5 X .5 m. 
h 
Quadrats 
8 10 
39 
Cover was estimated to the nearest one-sixth of the 
quadrat for individual plant species. A species had to 
comprise over one half of one-sixth coverage of a quadrat In 
order to be counted as having one-sixth coverage. Species 
with less than one-sixth coverage ot the quadrat were 
recorded as miscellaneous vegetation of the quadrat if they 
collectively total at least one-sixth coverage of the 
quadrat. If the collective total of the herbaceous 
vegetation and trees and shrubs under 0.5 meters did not 
equal six-sixths or 100%, then the remaining ground surface 
Has classified for cover in order as: (1) moss/ (2) litter/ 
(3) rock/ or (4) bare ground. Since the vegetative cover 
estimates for each quadrat total IOC?:/ the cover values 
given for each of the last four catagorles only reflect the 
coverage of the ground not covered by herbs or trees and 
shrubs under 0.5 meters, An "average" height for each 
species receiving a one-sixth or greater coverage estimate 
Has measured and recorded to the nearest half decimeter. 
As Hel l  as the above coverage estimates each shrub and 
herbaceous species occurring within the .5 x .5 meter 
quadrat was listed on a separate sheet an! its cover 
assessed according to the method of Pfister et al. (1974)/ 
as modified after Daubenmire (1959). 
In the larger quadrats all shrubs and trees falling 
within the height classification for that quadrat were 
recorded. Cover was determined by treating the two 
horizontal dimensions of the plant crown as axes of an 
ellipse and solving for area, therefore field measurements 
of the two horizontal dimensions of the plant croun were 
recorded along with the height of the plant. 
Most of the Pattee Canyon ravine shrubs sprout multiple 
steins from a root crown or have underground rhizomes, making 
it difficult to determine exactly where one shrub begins and 
another ends. Groups of stems of the same species occurring 
close together were treated as one single shrub while those 
spaced further away were treated separately without 
attempting further to determine which were actually a single 
shrub and which were separate Individuals. 
According to Lyon and Stickney (1976), some of the 
species traditionally treated as shrubs are in fact low 
woody plants whose ecology lies within the ground layer 
vegetation. The shrubs in this study that are so treated 
are a£l£l3i££iS and LlQ£12£l 
In late spring of 1978 two parallel transects were set 
within stands 1 thru 4 in order to avoid shifts in aspect as 
the ravines changed their courses. However, as vegetative 
cover increased that sumi^er, patterns of vegetation could 
better be evaluated and the remainder of the transects were 
sot in consecutively (end to end), although some transect's 
direction was changed slightly at the twenty-five meter 
mid-point to conform better to the vegetation communities 
and some transects are not continuous due to local 
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anonallties* Before the summer of 1978 transect readings 
were done/ the parallel transects were changed to 
consecutive transects. Thus the spring data of 1978 tor the 
first four stands cannot be directly compared with the 
summer data from 197d and 1979/ as one of the spring 
transects from each stand was changed. 
Vascular plant nomenclature follows C. Leo Hitchcock 
et al.(1969) with the exception of the grasses which follow 
A. S. Hitchcock (1950). Peter Stickney of the U. S. D. 
A. Forest Service's Forestry Sciences Lab. on the 
University of Montana campus confirmed the identity of 
several plants. Specimens of all vascular plants, with the 
exception of tree species/ were deposited in the University 
of Montana herbarium. 
In connection with the Lyon-Stickney vegetation plots 
several physical parameters were noted. These included the 
elevation/ aspect and slope which were measured at the 
beginning of transect 1 in each stand (Table 3). The angle, 
in degrees/ to the horizon was also measured at the 
beginning of transect 1 in each stand (Table 3). 
Soil samples were taken five times during the 1979 
field season on June 19, July 10, August 3, September 4 and 
September 30; these were used to calculate the per cent 
soil moisture. Soil samples were taken in line with the 
first plot of the stand and within a meter squared area 
below the start of the stand in all cases except stand 12 
TABLE 3. Physical data for each stand. 
Stand # 1 2 3 4 5 6 8 9 10 n 12 13 14 15 
Elevation 
in meters 1210 1240 1200 1230 1270 1305 1440 1495 1460 1350 1390 1430 1290 1350 
Aspect of 
stand 312° 355° 10° 35° 55° 50° 60° 55° 55° 15° 20° 360° 25° 360° 
Slope of 
stand 9° 9° 10° 9° 11° 15° 32° 33° 33° 15° 15° 30° 11° 20° 
Angle to 
horizon 
when 
facinq E 
at 9(r 18° 30° 27° 29° 22° 14° 17° 11° 11° 30° 30° 31° 31° 24° 
SE @ 135° 16° 24° 23° 29° 28° 24° 33° 20° 25° 31° 33° 34° 27° 29° 
S 0 180° 27° 20° 21° 21° 24° 27° 34° 32° 32° 24° 26° 28° 21° 32° 
SW 0 225° 24° 32° 27° 21° 26° 25° 31° 31° 32° 33° 33° 31° 28° 47° 
W @ 270° 8° 28° 28° 31° 32° 31° 31° 32° 33° 29° 28° 22° 29° 30° 
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where the sample was taken just above the last plot in the 
stand to facilate access. At each plot a soil sample was 
taken just below the duff layer and a second sample 15 to 21 
cia. below the ground surface. 
Temperature data were taken during the 1978 field 
season at stations on transects that ran from the summit of 
the ridge west of the ravine to the summit of the opposite 
ridge (Figure 6). Data were collected near stands 8, 9 and 
10; stand 5; between stands 3 and 4; and near stand 14. 
These data are presented in Table 4. 
Fuel loading measurements were carried out in all 
stands according to the method described by Oberheu (1977)/ 
of the Northern Forest Fire Laboratory Missoula/ Montana. 
Sample plots were located at fifty pace intervals below and 
above the permanent vegetation sampling plots and diagonally 
across the ravine from alternate sides of the ravine in most 
cases. An attempt was made with the first plots to 
determine the direction of sampling by tossing a die as 
indicated by Oberheu but it proved difficult to keep the 
plots within the ravine being sampled using that procedure/ 
therefore# the alternate diagonals were used for most plots. 
Because the method involves some destructive sampling and 
the ravines in many cases are narrow, plots were seldom 
placed In exactly the same strech of ravine as the permanent 
vegetation plots. Plots were marked permanently so that 
measurements could be obtained both seasons but In 1979 some 
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Figure Plot Locations on Temperature Transects. 
EAST WEST 
Min. Max. Min. Max. Min. Max. Min. Max. 
East Ridge A. 8.0 24.5 7.5 21.0 6.0 15.5 16.0 34.0 
East Slope B. 8.0 23.5 8.0 20.0 5.0 16.0 15.5 32.0 
Positions 
C. 5.5 20.5 8.0 20.2 5.0 13.0 14.5 34.0 
D. 5.5 21.0 - - - - 14.0 32.0 
Ravine E. 5.5 19.0 6.0 21.0 3.0 14.0 11.5 30.0 
Bottom 
F. 4.0 18.0 5.5 21.0 3.0 15.0 10.0 32.0 
West Slope G. 6.5 20.0 6.0 20.5 — _ 
Positions 
H. 6.5 21.5 6.0 21.0 5.0 15.5 14.0 46.0* 
I. 6.5 21.0 7.0 20.0 5.0 15.0 14.0 37.0 
West Ridge J. 7.5 23.5 7.1 23.0 6.0 17.0 15.0 45.0* 
Sampling Dates 8-29--78/ 8-2^ (-78/ 8-22-78/ 8-9 -78/ 
Temperatures in Degrees Centigrade 
Stand 4 
8-30-78 
Stand 5 
. .
. .  
4
8-25-78 
Stand 8 Stand 14 
8-23-78 8-10-78 
* indicates partially unshaded thermometer 
of the marking spikes proved impossible to locate in the 
lush vegetation and other plot locations were used in such 
instances. 
Oberheu's method calis for a 35 or 50 foot transect 
with t»o 1/4 rallacre brush plots located 6 feet 8 inches on 
either side of the starting point of the transect and four 
30 X 60 cm. herb plots located 6 feet 8 inches from the 
starting point and 6 feet 8 inches from each other as 
indicated in Figure 7. In the ravine plots a 35 foot 
transect was used. Woody fuels are counted along this 
transect ia several size classes with the distance over 
which they are counted being determined by the size class. 
Height measurements of green and dead fuels are also taken 
at specific points along the transect. Among the four herb 
sub-plots the plot with the highest cover is determined and 
used as a standard. The percent cover of the other plots 
relative to the standard is recorded. The same process is 
followed for litter which is measured in half of each 
subplot. Both the standard herb and litter plots are 
collected and oven dry weights obtained. Duff depth is also 
measured in subplots 1 and 2 (Fig. 7). 
DATA ANALYSIS. 
The data from the permanent vegatative sampling plots 
with the exception of the Daubenmire coverage values# was 
analyzed by the U.S.D.A. Forest Service's LOGBURN computer 
program through the Forestry Sciences Lab. on the 
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Figure 7» Fuel Loading Plot Diagram. 
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University of Montana campus. Cover values for each species 
from all plots were averaged for each area and converted to 
a .01 hectare standard. Because this standard equals 100 
square meters, the values given for cover In the tables may 
be read directly as either meters squared per hundredth 
hectare or as percentage of ground covered. The volume of 
space occupied by each species was determined by multiplying 
the cover by the representative height. Volumes were 
averaged and converted to a meter cubed per hundredth 
hectare standard. Because the cover and volume data are 
converted to a standard based in part on the size of the 
plot in which the plants were measured/ there may be rare 
cases in which cover and volume values appear to go down as 
the plant grows In height and is measured in the next larger 
plot. Tree data are summarized as basal area per hundredth 
hectare. 
The Daubenmire coverage values were converted to 
midpoint values and the mean for each species in each stand 
calculated. 
The soil samples were weighed, dried for 48 hours at 
100 to 110 degrees C. and reweighed. The soil moisture was 
expressed as wet weight percentage and determined by 
dividing the difference between wet and dry weights by the 
dry weight then multiplying by 100. 
A dissimilarity matrix was constructed using the 
similarity index of Bray and Curtis (1957). The vegetative 
values used In constructing the index were the per cent 
cover from the LOGBURN printout for the shrub data and the 
per cent cover values calculated from the Davibenmlre 
coverage values for herbaceous species. It was determined 
that these values would give the most complete 
representation of the vegetative cover in each sample. The 
tree basal area data were not used, because the tree data 
were spotty in the burned plots and because they were not 
readily convertable into coverage values to compare with the 
coverage values of the other species. The dissimilarity 
matrix for 1978 is in Table 5 and the matrix for 1979 is in 
Table 6. 
A Bray and Curtis polar ordination (Bray and Curtis 
1957) was constructefl from the dissimilarity matrix. This 
type of ordination has been consistently found effective in 
comparison with other ordination techniques (Kessell and 
Whittaker 1976/ Gaugh and Whittaicer 1972). The first 
endstands tried were those with the greatest dissimilarity 
but the resulting ordination showed the same moisture and 
exposure trends on both axes. A number of other pairs of 
endstands were tried and correlation coefficients between 
stand dissimilarity values and the stand distances on the 
ordination were calculate I tor each. Endstand pairs were 
finally selected that provided an interpretable 
two-dimensional ordination with a high correlation between 
stand dissimilarity and distance on the ordination (R=.75). 
Table 5. Dissimilarity Matrix for 1978 
Stand 
Number 12 3 4 5 6 8 
1 0.0 58.9 40.6 43.3 76.3 71.8 54.9 
2 58.9 0.0 44.5 59.4 67.6 63.8 64.7 
3 40.6 44.5 0.0 28.4 69.5 70.5 50.4 
4 43.3 59.4 28.4 0.0 78.5 74.1 49.1 
5 76.3 67.6 69.5 78.5 0.0 51.5 86.2 
6 71.8 63.8 70.5 74.1 51.5 0.0 78.3 
8 54.9 64.7 50.4 49.1 86.2 78.3 0.0 
9 52.4 53.0 58.2 64.5 82.1 72.2 44.7 
10 74.8 68.0 69.7 81.6 78.9 75.6 62.0 
11 83.2 55.7 68.5 79.3 67.8 66.7 75.8 
12 70.1 67.2 69.8 76.5 65.2 71.6 77.8 
13 59.5 70.3 67.2 79.7 73.0 78.6 66.8 
.14 79.4 60.9 61.8 71.4 54.1 50.8 90.9 
15 71.7 74.1 74.1 79.8 77.7 67.8 81.8 
9 
52.4 
53.0 
58.2 
64.5 
82.1 
72.2 
44.7 
0 . 0  
53.9 
74.0 
74.8 
61.1 
88.5 
71.6 
10 
74.8 
68.0 
69.7 
81.6 
78.9 
75.6 
62.0 
53.9 
0 . 0  
69.5 
65.5 
56.3 
8 6 . 0  
81.9 
11 
83.2 
55.7 
68.5 
79.3 
67.8 
66.7 
75.8 
74.0 
69.5 
0 . 0  
56.7 
69.3 
67.8 
85.2 
12 
70.1 
67.2 
69.8 
76.5 
65.2 
71.6 
77.8 
74.8 
65.5 
56.7 
0 .0  
56.5 
74.7 
82.4 
13 
59.5 
70.3 
67.2 
79.7 
73.0 
78.6 
6 6 . 8  
61.1 
56.3 
69.3 
56.5 
0 .0  
83.9 
66.3 
14 
79.4 
60.9 
61.8 
71.4 
54.1 
50.8 
90.9 
88.5 
8 6 . 0  
67.8 
74.7 
83.9 
0 . 0  
87.9 
15 
71.7 
74.1 
74.1 
79.8 
77.7 
67.8 
81.8 
71.6 
81.9 
85.2 
82.4 
66.3 
87.9 
0 . 0  
Table 6. Dissimilarity Matrix for 1979 
Stand 
Number 12 3 4 5 6 8 
1 0.0 42.2 36.2 41.5 80.7 62.7 68.0 
2 42.2 0.0 36.0 47.4 68.4 63.5 64.5 
3 36.2 36.0 0.0 33.8 72.1 60.8 65.9 
4 41.5 47.4 33.8 0.0 84.7 71.4 75.0 
5 80.7 68.4 72.1 84.7 0.0 52.2 83.0 
6 62.7 63.5 60.8 71.4 52.2 0.0 80.4 
8 68.0 64.5 65.9 75.0 83.0 80.4 0.0 
9 53.6 64.9 64.3 66.0 90.0 68.2 56.9 
10 79.4 69.2 72.3 82.7 79.6 75.7 57.3 
11 83.1 61.7 72.5 83.5 64.8 6.2 72.8 
12 80.2 52.3 63.8 79.0 63.2 63.3 66.2 
13 64.9 60.8 64.0 75.6 74.1 65.5 52.0 
14 78.6 68.5 73.5 80.9 50.4 45.1 88.9 
15 66.9 76.4 70.4 76.3 75.9 49.3 81.4 
9 
53.6 
64.9 
64.3 
6 6 . 0  
90.0 
6 8 . 2  
56.9 
0 . 0  
48.8 
80.5 
77.2 
60.5 
85.4 
6 6 . 0  
10 
79.4 
69.2 
72.3 
82.7 
79.6 
75.7 
57.3 
48.8 
0 . 0  
72.6 
64.3 
54.3 
85.7 
75.3 
11 
83.1 
61.7 
72.5 
83.5 
64.8 
6 6 . 2  
72.8 
80.5 
72.6 
0 . 0  
45.3 
64.5 
64.2 
80.9 
12 
80 .2  
52.3 
63.8 
79.0 
63.2 
63.3 
6 6 . 2  
77.2 
64.3 
45.3 
0 . 0  
52.7 
63.8 
79.6 
13 
64.9 
60 .8  
64.0 
75.6 
74.1 
65.5 
52.0 
60.5 
54.3 
64.5 
52.7 
0 .0  
79.1 
62.3 
14 
78.6 
68.5 
73.5 
80.9 
50.4 
45.1 
88.9 
85.4 
85.7 
64.2 
63.8 
79.1 
0 . 0  
74.9 
15 
66.9 
76.4 
70.4 
76.3 
75.9 
49.3 
81.4 
66 .0  
75.3 
80.9 
79.6 
62.3 
74.9 
0 .0  
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The tirst dlssirallarity raatrix and ordinations were 
constructed using the 1979 field data, k dissimilarity 
raatrix Has next constructed for the 1978 summer data and 
different ordinations tried with it using the same methods 
as were used for the 1979 data. However for the final 
ordinations/ the saaie endstands were used so that 
comparisons between the two years could be made. For the 
1978 ordination the correlation coefficient for stand 
dissimilarity and distance was R=.68. 
Pearson product-moment correlations were made between 
the ordination axes and the percentage of soil moisture for 
each date gathered, the mean percentage of soil moisture/ 
elevation/ aspect and slope using the Statistical Package 
for the Social Sciences. They were also calculated between 
the distribution of each species and the same physical 
parameters. 
Stand groups were also compared for both 1978 and 1979 
by agglomeratlve cluster analysis using the algorithm 
outlined in Mueller-Dombois (1974). 
Completed Forest Service fuel inventory sheets from the 
fuel loading sample plots were sent to the Northern Forest 
Fire Laboratory where they were analyzed by the National 
Forest Service FUELS computer program. The fuel loading 
data from this program were later analyzed by the Forest 
Service's FIREMOD computer program. 
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CHAPTER 5: RESULTS AND DISCUSSION 
VEGETATION RESULTS. 
While the ravine stands selected represent as much 
variation as possible within the burned area/ they are all 
within 300 meters in elevation, have a northerly aspect and 
share many common floristic elements. Vlthin each ravine 
area there is a mosaic of plant communities occupying 
various mlcrosltes formed by the physical envlronmont. 
One conspicuous source of variation is the moisture 
gradient from the stream bed itself to the side slopes of 
the ravine. A basic outline of this gradient is presented 
in Figure 8 with the area divided into zones/ and some of 
the more common plants along this gradient are listed in 
T'ible 7. This is a composite figure based on estimates in 
all the studied drainage areas. The wetter portions of this 
gradient expand in areas of braided stream channels or In 
seepage areas and contract or disappear in areas aithout 
summer overland stream flow. 
In addition to moisture/ the soil mosaic discussed in 
Chapter A, and light Intensity and duration influence 
vegetation. Effects ot the degree of slope were cited 
earlier/ but/ topography of side slopes, amount and type of 
both burned and unburned overstory/ and angle to horizon on 
east/ south and west all affect thy amount of light reaching 
areas within the ravine. Other factors helping create a 
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Figure 8. Gradation Across a Ravine Floor. 
ZONE 1 ZONE 3 
ZONE 3 
ZONE 2 ZONE 2 
Table 7. Some of the Species Frequently Found in each Ravine Zone 
listed in Figure 8. 
ZONE 1 
MimuLus guttatus 
Veronica canerioana 
VeToniaa serpyllifolia 
Cardamine pensylvaniaa 
Urtiaa dioioa 
Cinna latifolia 
Glyoevia grandis 
Athyrium filix-femina 
ZONE 2 
Festuoa oooidentatis 
Mitella stauropetala 
Osmovhiza ohilensis 
Galivm triflomm 
Urtiaa dioioa 
Cinna lati folia 
Glyaeria grandis 
Symphorioarpos albus 
Spiraea betulifolia 
Rubus parviflorus 
ZONE 3 
Physooarpus malvaoeus 
Aoer glabnm 
Calamagrostis rubescens 
Aster oonspiauus 
Arnica cordifolia 
Smilaoina stellata 
Anaphalis margaritacea 
Symphorioarpos albus 
Spiraea betulifolia 
Rubus parviflorus 
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plant community mosaic Include changes in aspect and changes 
In topography created by old slides/ small stream terraces/ 
side benches/ undercut slopes and curvature of the present 
strearabed. 
Most plants that grow on upland north-facing slopes 
also do Hell in ravine sites. Houever/ the ravines also 
support wet site plants that are restricted to ravines on 
this ESfiUXlfiiSUaia fflalza&sus habitat 
type. These all contribute to the diversity of the 
vegetation mosaic within the ravines. 
Because of this diversity within a ravine, there can be 
a problem interpreting the results of this Investigation. 
Usually the term "stand" in plant ecology Implies a 
relatively homogenous segment of vegetation. These ravines 
instead consist of a mosaic of mlcrosites each with 
distinctive Individual plant communities. On a broader 
scale It is possible to look at the ravine as a whole 
community ecosystem composed of repeating units of 
mlcrosites. Norton et al. (1980) commented on this 
subject. "Vegetation frequently appears to be a complex 
mosaic and when coupled with the spatial variability of 
habitat features may present a 'patchy* environment. 
However It is important to note that the matter of spatial 
heterogeneity Is often simply a matter of scale." 
While selecting stands the entire ravine was viewed as 
a community/ then transects were placed in a predominant 
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ralcrosite or zone of vegetation within that community. It 
should be remembered throughout the following discussion of 
results that the transects In each stand represent basically 
only one zone out of the gradation found In that stand. It 
should further be remembered that zones do not run in 
straight lines; some 'elements of heterogenity may be 
introduced into the transect by overlap from neighboring 
communities. 
•LdlD^liaa aad £Iiust££ 
As has been noted before, the stands all share sirdllar 
aspects/ elevation/ soils and habitat type so the main 
environmental gradients expected were moisture and 
disturbance. The X axis of the ordination reflects the 
moisture gradient and the Y axis reflects the intensity of 
the most recent fire disturbance. Figure 9 is the 1978 
ordination and Figure 10 is the 1979 ordination. 
As indicated In the climate section, precipitation 
increases with elevation; however/ ravine soil moisture can 
be expected to show an opposing trend due to the runoff and 
seepage moisture entering the ravine. Gravemetnc soli 
samples Here taken just below the surface and 15 to 20 cm. 
below the surface (Table B). Correlation between the 
surface measurements taken August 3/ 1979 and the X axis is 
negative (R^ =.36 with S = .011). Correlation of the surface 
measurement taken September 4/ 1979 following rain August 24 
thru 27 and August 31 with the X axis is R^=.56 and S=.001. 
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SEVERELY BURNED 
• 4  
3 .  
•  8  •  2  
•  1  
•14 
DRY 
•  9  *•11 
WET 
•  10 5i  
A 6 
•  13 
UNBURNED 
o15 
Figure 9. 1978 Ordination. Stands in Group I are represented by •; 
those in Group II are represented by A; those in Group III 
are represented by •; those in Group IV are represented by 
and the unburned control stand is represented by O. 
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SEVERELY BURNED *4 
•  9 
10 
13 
UNBURNED 
3« 
• 2 
• 1 
• 8 
DRY WET 
12# 
*11 
o15 
A 6 
A 14 
5 A I  
Figure 10. 1979 Ordination. Stands in Group I are represented by #; 
those in Group II are represented by A; those in Group III 
are represented by •; those in Group IV are represented by 
and the unburned control stand is represented by o. 
Table 8. Soil Moisture Data 
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Percent Soil Moisture 
Stand Sample Depth 6-14-79 7-10-79 8-3-79 9-4-79 9-30-79 
1 5-8 cm 15-20 cm 
9.1 
8.7 
8.1 
11.4 
6.8 
7.6 
15.5 
17.5 
18.9 
9.6 
2 5-8 cm 15-20 cm 
13.2 17.6 
13.5 
2.5 
4.8 
18.7 
10.9 
3.0 
5.4 
3 5-8 cm 15-20 cm 
23.2 
17.5 
16.2 
15.6 
16.5 
15.9 
33.9 
28.0 
24.9 
13.9 
4 5-8 cm 15-20 cm 
11.0 
15.9 
10.3 
15.7 
8.9 
7.0 
28.7 
18.8 
41.6 
19.5 
5 5-8 cm 
15-20 cm 
53.6* 
28.6 
52.0* 
16.3 
47.5* 
20.2 
52.4* 
25.6 
40.7* 
18.6 
6 5-8 cm 15-20 cm 
19.4 
12.8 
14.7 
16.4 
9.8 
9.6 
36.0 
21.1 
28.2 
18.4 
8 5-8 cm 
15-20 cm 
46.7 
41.9 
33.6 
27.4 
12.7 
11.8 
22.5 
23.5 
26.9 
20.1 
9 5-8 cm 15-20 cm 
29.1 
38.6 
14.1 
16.0 
11.4 
13.2 
16.2 
18.1 
23.5 
26.9 
10 5-8 cm 15-20 cm 
10.8 
16.7 
7.6 
20.2 
8.7 
9.1 
21.3 
15.9 
7.1 
12.5 
11 5-8 cm 15-20 cm 
54.8* 
37.2 
34.3 
31.4 
36.0 
22.0 
49.9 
30.1 
33.0 
20.4 
12 5-8 cm 15-20 cm 
29.1 
16.3 
27.2 
11.1 
15.0 
22.9 
22.8 
15.7 
8.8 
9.3 
13 5-8 cm 15-20 cm 
13.0 
16.8 
20.6 
11.0 
23.2 
15.3 
31.1 
27.8 
25.9 
22.0 
14 5-8 cm 15-20 cm 
35.5 
31.6 
26.9 
34.5 
32.1 
20.9 
46.3 
37.8 
47.1 
32.3 
15 5-8 cm 15-20 cm 
30.9 
16.3 
18.4 
15.0 
19.5 
12.1 
29.5 
20.8 
13.9 
10.5 
* indicates sampling within the 02 horizon. 
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The August 3/ 1979 measurement Is the driest date of the 
year for uhlch there Is a measurement and so should be the 
ecologically most important. The 15 to 20 cm, deep 
measurements do not correlate with the X axis. 
This lack of correlation may be due to the heterogenity 
of the soils and the size and type of sample. Peet (1978) 
found no simple measure available which incorporated all the 
important components of site moisture/ so, as an alternative 
to direct measurement/ ordination was used to allow 
vegetation variation to define the gradient. The important 
soil water is that available to plants/ which Is not the 
total per cent moisture but that portion of the moisture 
above the wilting coefficient/ which was not measured. 
Also/ In many of the seemingly moister stands and in 
those with large amounts of seeded grass/ taking these 
samples was difficult because of plant roots. This may 
further explain the lack of correlation with a supposedly 
moisture-related axis since soil moisture is basically 
determined by two factors: first/ the amount of available 
moisture from all sources; and/ second/ the amount of 
moisture lost to transpiration and evaporation. Larger 
amounts of vegetation in moist ravine sites could be 
reducing measurable soil moisture in the root zone. 
According to Nlmlos (1971) rooting depths vary from a 
few feet to at least six feet deep and "Consequently/ the 
volume of soil from which plants absorb water differs". It 
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seems likely that large shrubs in ravines would be tapping 
deeper moisture reserves than those measured here. 
Accordingly^ while many factors influence plant cover and 
composition/ on these study sites most basic environmental 
factors are relatively similar/ and total plant cover on a 
site might be an indication of soil moisture. The 
correlation between total plant cover in the burned stands 
and the X axis is good (R^=.68 with s=.001). 
Correlations were also tried between the X axiS/ the Y 
axlS/ elevation/ aspect and slope as well as the percent 
moisture from all samples* A correlation of =.45 with 
S=.004 was found between the elevation and the X axis. 
Correlation between slope and the X axis w;is =.60 with 
S=.001. Elevation and slope are very highly correlated (R^ 
=.87 with S=.001). That correlation agrees very niceiy with 
the concave shape of tributaries. As cited earlier/ 
elevation and moisture would be expected to relate inversely 
to each other and they do. Daubenmire (1974) points out 
that steep slopes are characterized by drier soil and 
thinner plant cover when aspects are the same as gentle 
slopes. The steeper ravine sites in this study of 
north-facing ravines do appear to be drier and support less 
total plant cover. 
The Y axis appears to reflect the severity of the 1977 
fire in various stand areas. Survival and growth of the 
seeded grasses seems to be related to the fire's severity 
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and this was used as the vegetative indicator of fire 
severity. The differential survival of the seeded grasses 
varies with high values in stands that were burnt to bare 
mineral soil; with lower values in stands where existing 
vegetation was able to resprout quickly and no coverage 
where surface vegetation was not burned. Correlation 
between seeded grass cover and the Y axis is good (R2=.76 
and S~»0013* 
aiaail 1ILQU2S* 
In both the cluster analysis from 1979 (Figure 12) and 
the ordination for the same year (Figure 10), the burned 
stands fit Into four major groups. A slightly dissimilar 
pattern is shown in the cluster analysis and ordination for 
1978 (Figures 11 and 9). Both the cluster analysis and the 
ordination are based solely on vegetative data^ however the 
groups show other characteristics In common. 
The stands in Group I include the four lowest 
elevations (1200 to 1244 meters), all are within the state 
owned section and all were severely burned (Figure 4). The 
preburn forest in this area consisted of a dense overstory 
of second-growth fgeudotsuga oiaQiiasil/ with a few Plnus 
ponderosa and LJliS 2££idSDJ:iaii5» Upland sites had a sparse 
understory/ however/ owing to more canopy openings within 
the ravines, there had been a moderately dense understory in 
the ravines as evidenced by shrub and perennial herb 
resprouts. Slopes are gentle in these stands. Stands 1 and 
Similarity 
30% 
kO?i 
50% 
60o 
70% 
Stands 3 ] 
Figure 11. 1978 Cluster 
ON 
Similarity 
30% , 
kQ-/  
50% 
eo% 
Stand 2 1 3 Z, 
Group I 
Figure 12. 1979 Cluster Analysis 
9 10  8  
Group III 
I 
o^ 
1 3  5  6  ] h  
Group II 
1 1  1 2  
Group IV 
15 
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2 in the eastern fork of ravine B (Figure 4) are drier in 
summer than stands 3 and 4 in the western fork of ravine B 
although they carry more runoff In spring. Moisture in 
these ravines was probably increased because of the £ire^ 
however/ without preburn data it is impossible to say how 
much* During the past two years there was all-year overland 
flow in the creek from stand 4 down through stand 3 but none 
in the stream bed through stands 2 and 1 after midsuraroer. 
The fire in this area was extremely intense and severe, 
burning down to bare mineral soil. Plants which root in 
surface or litter layers/ including the moss flora/ were 
destroyed except in occasional sheltered mlcrosites. There 
was more annual plant cover during 197 8 in this area than in 
any other ravine areas/ also/ more perennial seedlings. 
However/ the seeded grasses became well established in this 
area as well and by 1979/ they dominated vegetation in this 
area along with the taller shrubs. Further/ there has been 
an overall decrease in other herbaceous plants with an 
average decline of 35%. Temporarily/ recovery in Group I 
appears stalled at this herbaceous stage. 
The stands in Group II are more variable. Stands 14 
and 5 have not been previously disturbed by logging. Stand 
5 is wettest but all three are effectively more moist than 
other ravine areas within this study and all were assessed 
as lightly burned. Elevations in Group II range between 
1268 to 1305 meters. 'Moisture seems to ba the most likely 
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reason for the less severe burning in these areas; however/ 
all three also have more open stands on talus slopes to the 
west. Located above stand 5 there Is a constant/ year-round 
spring and year-round stream flow occurs through the stand. 
There are surviving La£ix flCtidaQlaiiS and EaaUiifiisuaa 
asniifisll just to the west of Stand 5 and on a low bench to 
the east. No ground vegetation was burned and shrubs were 
only lightly pruned and thus able to resprout from 
adventitious stem buds. 
Stand 14 is drier than stand 5/ Its spring and stream 
are dry by late summer. The steepness of its side slopes/ 
however/ may have helped the wind-driven fire to pass over/ 
killing all trees in the stand but not burning off foliage. 
Shrubs were pruned severely but the ground layer vegetation 
was not harmed. 
Stand 6 is on the north-west edge of the fire. It was 
previously disturbed by logging and further by 
fire-suppression efforts, making it more like the stands in 
Group IV. It also has many floristic elements in common 
with the control stand (15) above it and no stream bed or 
obligate riparian vegetation. 
All of these stands have only trace or no seeded grass 
coverage despite an abundance of seeded grass on the slopes 
around stands 14 and 5. Stand 6 is near the unseeded area 
and received less grass seed. The reason for the lack of 
seeded grass is suspected to be the density of the unburned 
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or lightly burned ground layer vegetation still present when 
the grass «as seeded. 
Recovery in these Group II stan'is was very rapid. 
Stands 5 and 6 had 61% and 59% total shrub cover 
respectively by 1979. Shrub cover in stand 14 (291) appears 
lower because plot placement has affected the first two 
years data> shrub cover should show a dramatic increase 
when shrubs present in the 5 m. plots become tall enough to 
count. 
The herbaceous vegetation recovered so rapidly that It 
is tempting to speculate that the composition of herbaceous 
vegetation in 1978 was very similar to the composition of 
herbaceous vegetation before the fire. Subsequent changes 
in composition then might be related to changes effected by 
the fire/ in particular/ the removal of the overstory canopy 
allowing more light and moisture. A trend toward more 
species prefering higher light intensities might be expected 
and may be beginning in stand 14, although more data from 
future years are required to prove or disprove this 
possibility. 
Group III stands are higher (elevation 1433 to 1500 
meters)/ steeper (slopes 30 to 33 degrees) and lack, any 
summer overland flow in their stream beds. Burning was 
moderately severe, lessened by less vegetated talus slopes 
on the west. Preburn logging also thinned the tree cover in 
this area. With only brief/ intermittant/ springtime stream 
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flow In these ravines, there is no obligate riparian 
vegetation. 
Stands 3, 9 and 10 were initially established to show 
some ot the gradation present across a relatively dry# less 
complex ravine. It was originally assumed that this would 
be a moisture gradient; it is# however, the reason for the 
gradient lies basically with the soil depths. The floor of 
the ravine Is composed mostly of colluvlum from the side 
slopes with sorae alluvium overlaying along the streambank. 
Soil on the west side of the ravine, derived from the talus 
slope. Is coarse and undeveloped while that on the east Is 
more weathered, deeper and moister. The soil moisture data 
In Table 8 show this gradient. Plant communities across the 
ravine reflect this and account for the differences between 
three stands in the same ravine area. Assuming equal 
seeding coverage, since the stands lie so near one another, 
seeded grass coverages for these stands (Figure 18) also 
Illustrate this gradient. 
Drier conditions have led to a somewhat slower recovery 
in this part of the burned area, although, the preburn 
vegetation was probably sparse In these stands, compared to 
Group II stands. In stand 13 shrubs were dominant by 1979. 
In the other stands shrubs had not yet achieved dominance. 
The two Group IV stands are stands 11 and 12? they are 
closely related due to their position in the same ravine 
(Figure 4) and their previous history of disturbance. They 
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are at 1350 and 1400 meters in elevation and have 15 degree 
slopes. The rocky slopes to the west, logging-created 
discontinuities in the fuel and extra site moisture combined 
to reduce the fire's severity in this area. There are a feu 
surviving LaLliC and E£&Uili2lSLUS[a in 
this area. A year-round spring above stand 11 makes it much 
wetter. The stream has a braided channel in stand 11/ 
indicating that it is depositing material in this area. 
Many plants that appear to be characteristic of early 
succession stages were present in the area before the 1977 
fire and they recovered quickly. Both stands are dominated 
by low shrubs, particularly Bukua Batltillflrus Nutt. 
Herbaceous dominants in stand 11 include Ciisiua atitfiQSS 
(L.) Scop. and Utiica L. Both stands have low 
coverage of the tall shrubs e.g. Atfit <i lab rum Torr./ that 
are so conspicuous in the other stands. 
Control stand 15 Is in Group V by itself. It is a 
relatively dry stand, with no streambed, above the 
north-west corner of the fire. The overstory is a little 
more than 50% a£azi£5ii/ about 40% Latix 
JBSELid^Ilialia 'ind the remainder is ElDUS EfiIldJSt2a3• The 
trees are distributed somewhat uniformly t-fith a high shrub 
canopy dominant beneath them and relativply few herbs and 
low shrubs. The shade intolerant shrubs and herbs are not 
present, and presumably, as the tree canopy continues to 
increase, even the moderately tolerant species such as A£eE 
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olabrMp may be eventually shaded out according to Arno 
(1978). 
Although the stand itselt shows no sign of previous 
logging^ there is a logging road that crosses the ravine 
above it; and/ the surrounding area was logged. Nearby 
areas were disturbed by fire suppression efforts during the 
1977 fire. 
On the basis of vegetation, moisture and slope position 
stand 13 appears to be the most similar burned stand to 
stand 15. Stand 6/ directly downslope from stand 15, is 
vegetationally related, but moister, and prefire logging may 
have altered its vegetative composition. stand 12 bears 
some similartiy to 15 also, but it was logged before the 
fire. Tree recovery in other stands is not yet apparent, 
but the tall shrub component of stand 15 is common to most 
of the burned stands, and shrubs in all stands appear to be 
nialcing a rapid recovery. 
Trees: The burned stands with living trees in or near 
them are stands 6, 5, 14, 11 and 12. There were Latii 
SfiCLl^SDlalls seedlings discovered on the bench east of stand 
5. In the lower part of stand 12 there are 3 or 4 surviving 
£;iSUilSi^SUaJ and Li3£i£ seedlings 
between 2 to 1.0 decimeters tall/ that were burned but 
resprouted foliage from low axillary buds. There Is also a 
resprouting ocpidentalls^ 8 dm. tall, occurring in 
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stand 11. 
There were no tree seedlings tound In sample plots in 
any stand during 1978 or 1979. Assuming seed availability 
this absence might be attributed to competition from 
moist-site perennials and annuals/ excessive wetness in some 
ravine sites and competition offered by the seeded grass. 
Shrubs: Shrubs in the burn regenerated primarily by 
regrowth from rootstoclcs or rhizomes. The amount of shrub 
regeneration within the ravines thus depended to a large 
extent upon the preburn shrub cover. This^ in turn, 
reflects the amounts of moisture present and previous stand 
history. By August and September of the first full 
post-fire year (1978)/ shrub cover in the burned ravines had 
a mean cover value of 29% (M /.Ol ha.) and a volume of 17 m 
/.Ol ha. A year later (August and September 1979) this had 
Increased to a cover value of 42% (m /.Ol ha.) and a volume 
of 36 m/.Ol ha. These values, 'rfhile indicative of overall 
trends in shrub regeneration have high standard deviations. 
The variation between stands responsible for these high 
standard deviations can be seen in Figure 13 which shows the 
individual stand cover and volume data. 
Some shrubs that apparently sprouted from seed were 
found/ primarily in the Group 1 stands. Few seedlings of 
those could be followed in stand plots; EhZSflCaEEUS 
malKaCfiUS (Greene) Kuntze and possibly A.£££ alabrum Torr./ 
both disappeared by the second summer. £uku5 ua£lLLILo£ug 
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Figure 13. Shrub ordination patterns. 
1979 data are on the right, 
ha. Volume is m^/.Ol ha.) 
1978 data are on the left and 
(Cover is read as % or as m /.01 
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had several seedlings in this area, a lew of which were 
found in plots the following year. There were also a number 
of Eflsa SSQi. seedlings the first year/ a few of which were 
found the following summer. 
The precise methods of seed dispersal for these species 
is unknown. Ry^us aaLXillfllMS Is commonly bird dispersed 
and could have been dispersed the previous summer or fall 
following the fire. EhY^flCareys iUaJL£a££U§ seedlings were 
near older plants which might indicate soil storage. 
The distributions of some important ravine shrubs are 
shown in Figures 13 to 15. Of these/ Arno (1978) lists 
bfiluIiJLaiia Pall./ and 
Svmphoricarpos albus (L.) Blake as tolerant of the shade 
under a mature canopy and all of these are well represented 
in unburned stand 15 (Figs. 13 & 14). Spiraea 
betulif<^lfa*s cover changes in that stand because the stand 
was sampled late the first year/ after leaf-fall had started 
for spirea/ making its true cover difficult to assess. In 
the burned areas spirea resprouted quickly from rhizomes/ 
bloomed the first year and may have achieved nearl./ its 
prefire coverage by the end ot the season, gvtpphoric^rpps 
allium shows a negative correlation with the X axis (R =.48 
and s=.003). 
Ac££ aiabtum and AaalancLtiieL aiaitniia Nutt. are best 
represented by stand 15's tall/ old plants. Serviceberry 
resprouts produced fruit the second summer (1979). Both 
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shrubs are widely distributed (Figure 15). 
Roses resprouted quickly in Groups I, II and III. At 
present EfiSfl aclcularls Lindl. seems confined to Groups I 
and II/ EflSa Nutt. to drier areas of Groups III 
and IV and Rasa MflfldSii Lindl. to Group II and wetter areas 
of IV (figs. 16 & 17). 
Subus B.a£Xi£.lfi£U5 appears to be shade intolerant on 
these sites. Its only appearance in stand 15 is near an 
opening in the canopy. Rukus parvltlorM? is generally found 
in every pre-fire opening that has extra moisture/ and seems 
likely to spread during early succession by both 
bird-carried seed and deep rhizomes. Its highest coveraje is 
in previously disturbed and wet areas of Group IV (Fiy. 17). 
Several of these ravine shrubs could become secondary 
colonizers on this burn/ spreading to upland areas with few 
pre-fire shrubs. SaiiJt §£2Ui££4,aQa Barratt is a frequent 
post-fire colonizer. Resprouts of Sallx have been observed 
in ravine stands as shown in Figure 18. The present lack of 
trees should increase both light and moisture for the shrubs 
and those with wind or bird carried seed may be able to take 
advantage of this situation. 
Seeded Grass; The seeded yrassos responded to the evtra 
moisture in the lower ravines with strong/ dense, tall 
growth. Of the seeded grasses CaCLiviiS fllaauatala has the 
highest coverage in the ravines. Figures 18 and 19 show the 
distribution of the seeded grasses. Data in Figures 13 to 18 
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Figure 16. Shrub Ordination Patterns, 1978 data are on the left and 
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is m^/.Ol ha.) 
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are from the cover and volume estimates made according to 
the method o£ Lyon and Stlckney (1976). Data in Figures 19 
to 22 are from the cover estimates nade according to the 
method of Ptister et al. (1974)/ as tnoditied after 
Daubenmire (1959). There are a fen EtfllllUS iDfitiUUS Leyss. 
plants in stands 3 and 4 in spite of its having been seeded 
only In the upper areas. Possibly the seeds were carried and 
deposited by sprinj runoff or they may have come from an 
other source entirely. 
A primary goal of the seeding was to stabilize soils. 
An inspection of some burn site ravines following the May 
1980 flooding/ showed very little erosion/ although there 
Has localized scouring along with gravel deposits in a few 
areas ot the eastern fork, of ravine B (Figure 4). In most 
areas the main sign ot the excess water that overflowed the 
stream banks in the ravines was flattened grass; that 
transitory evidence will soon disappear as the seeded grass 
was not uprooted and will continue to grow. How well natural 
revegetation by itself, yould hive functioned in erosion 
control in the same situation is open to question. It seems 
possible that the seeded grasses suppressed the growth and 
development of other plant seedlin<3s that would perhaps have 
done the same job in the ravines. The ravine's higher 
moisture levels would have fostered rapid establishment of a 
varied flora. 
If the excess rainfall of May 1980 (187 mm. at the 
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weather station) had occurred in 1978/ when there was little 
vegetative cover following the fire/ erosion might have been 
a problem. However/ if it had occurred in May 1919, the 
grass should have protected it almost as well as it did this 
year. Natural regeneration might not have been as well 
established in 1979 as secondary colonizers would 
undoubtedly have furnished some of the seed in severely 
burned locations, and their seedlings would not have been as 
well established yet. By 1980 the amount of protection from 
natural regeneration should have been similar to that given 
by seeded grasses* 
Just how much suppression of other plants is caused by 
the seeded grass is difficult to establish. In the wettest/ 
lightly burned ravine areas represented by stands 5/ 14, 11 
and 12 previously existing vegetation resprouted quickly 
preventing growth of all but trace amounts of seeded grass. 
There is sufficient seeded grass on the slopes on each side 
of these stands to show that the area was seeded and not 
missed. In the lower stands, where seeded grasses did well, 
repression has been observed In both directions. Seeded 
grasses near resprouting liii]2£UID were shaded out during 
the summer of 1978. Later that same summer, however, the 
seeded grasses overtopped SliiLaaa betul jfolla and 
SyiQPhprlcarpQg albyis plants and by the following summer 
(1979) some plants of both shrub species had disappeared in 
plots exhibiting dense grass cover. 
Ground Layer Vegetation; Most of the widespread 
perennials of the ground layer resprouted In 1978 from 
rhizomes. Many of these are shade-tolerant types# including 
IllillUl asciatyjs Pursh which is more common in the moister 
sites. Data were gathered too late in the 1978 growing 
season/ however, to show Ixililiiin's distribution or that of 
Ecylhronium a£aQditl2£Ua Pursh well. The distribution of 
£aiiacioa cacfimasa (L.) Oesf. and stfiliala (L.) Desf. can 
be seen in Figure 20. SiiiJll§Sln<1 is more widespread 
in these ravines. Rhizomes or corms of these four species 
are deep, below 15 cm. in most cases (Steve Marvel/ personal 
communication 19 80). These perennials/ with deep rhizomes or 
corms/ may be assumed to have basically their prefire 
coverage and postfire changes seem related to sampling time 
or vegetative reproduction. The rhlzomatous species also 
spread vegetatively. 
Shade tolerant species with shallower rhizomes may have 
altered distributions and reduced populations in severely 
burned areas. Distributions of the following widespread 
species may be found in Figures 20 and 22. Both Arnica 
Hook, and Atoica Bong, are present in 
the ravines/ but on different mlcrosites. Data for both 
species show a decrease in 1979 but this may reflect the 
drier year and sampling tinje; observations in the early 
summer before sampling started in 1979 Indicated similar 
populations for both species in 1979 as in 1978. flerbgris 
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data are on the right. - indicates no cover either year. 
(Cover is read as % or as tn^/.oi, ha.) 
rep ens Llndl. is also widesfreid in the r-ivines but with 
lower coverage (mean coverfiae in 1978, 1%} in 1979, 1.7%). 
It may be spreading slightly, vegetatively Erom its 
rhizomes. 
A species that seems to be narrowly restricted to moist 
microsites, is Miiaila StaUCfiESidia Piper, which increased 
from an overall mean of 1.6% cover in 197B to 2.7% in 1979. 
Another species with shallow tibrous rhizomes is fialiUE 
i£tIi2£U!a Michx. It has a very wide distribution in the 
ravines (Fig, 21) and its mean coverage in 1978 was 3.3^6 and 
in 1979 4.5%. It, like Jltialia# appears to be restricted to 
moist microsites in the drier ravines. Thalictrum 
i2££i£i£0ial£ Gray has a low but constant coverage in the 
ravines (1978 mean cover, 0.9%; 1 979, l.S't). 
Another shade tolerant perennial o£ interest in the 
ravines is aaiD2I.tliia cilllSDSiS H. Si A. (Figure 22). 
C.tliiSDSi§ a deep taproot surmounted by a 
caudex; is found in moister ravine areas (the 1979 
correlation with the x axis is R =,60 with s=,00l); and its 
plot coverage has remained constant since the fire. 
Another group of rhizomatous perennials is shade 
intolerant. This group, found in mature forest openings, 
includes several colonizing species noted for their 
appearances in clearcuts and recent burns. Among these is 
L^t&L CflDSaiCUUS Lindl, It has established seedlings each 
year since the fire and has increased its coverage from a 
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mean In the burned stands of 1.8% In 1978 to 2.4% in 1979. 
Its coverage is higher in open sunny areas and it seems to 
prefer drier ravine areas although this may have been due to 
its light requirements rather than a responce to moisture. 
Epliobium flQaiiSiiXflliUiS L*/ the widely known fireweed/ 
was found blooming profusely on old rhizomatous plants that 
had survived the fire in the ravines in the spring of 1978. 
Seedlings were also seen In ravine plots that summer/ 
however, coverage in the ravines has been quite consistent 
(a mean of 1.3% in 1978 and 1.2% in 1979). It definitely 
prefers sunlit sites, either wet or mesic, on strearabanks. 
This is consistent with Campbell and Franklin's (1979) 
finding that "E.2ll2blyi!l aoausiiiflliuni/ commonly found in 
clearcuts, becomes exceedingly vigorous beside the stream" 
and suggests that stream bank openings as well as other 
disturbed sites, may forn a refuge for EnjlQbiyffi 
Ji32USliISiJLu!D between forest disturbances. 
£aiaia!1125tis lutiescfina Buckl., which survives 
vegetatively under a canopy but blooms best In the sun, 
bloomed profusely the summer of 1978. This is a common 
response as Weaver (1974) noted, "Burning seems to greatly 
stimulate the growth of pinegrass (£aiaiaaa£25ii2 rubescens)# 
and in the summer iollowino burns seedheads of this species 
appear by the countless millions." It is most common in the 
ravines on drier sites as Figure 22 shows and has 
established seedlings in this area. 
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Other species similar to the above group but confined 
to wet areas include gfiUiS Willd. and iliSttUlUS 
flUttialUS DC. Data on these species is scanty since they are 
confined to streamside openings which were not specifically 
sampled, diiuiua guttatug seems to be colonizing stands 3 
and 4 from stand 5. £eum fflaccflfibSlliUS and HSDihil ilL¥£QSlS L. 
also appear to be spreading into these recently opened wet 
areas. 
ILttlca L* resprouted and spread vegetatively 
from rhizomes. Also, seedlings were found in the sample 
plots each year. On Pat tee Canyon's north slope llLtica 
appears to do best in sunny, moist openings and, 
since seed and seedlings were evident, it appears to possess 
the ability to colonize moist areas opened by fire, However, 
its cover increased in the plots only in Stand 14, Strong 
competition from the seeded grasses may have reduced its 
spread, also the presence of a caterpillar, apparently 
specific to UltiSS/ n>ay have reduced iliiiSLa's ability to 
compete. 
Some short-lived perennials or annuals appeared in the 
rivines the first year following the fire and have virtually 
disappeared or are maintaining very limited populations 
since. The most conspicuous member ot this group was ^.agtuca 
L, which bloomed profusely on large plants in the 
lower ravines and their adjacent sides in 1978, In 2979 
there were only a tew scattered plants in the same area and 
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those plants were smaller in size with smaller 
inflorescences. fifiraDiUi hiclsnfiiiii Britt., 
albUJD L./ Qt L. and Ilfliiamia lla£a£is Nutt. were 
found chiefly in the lower stands, although SfiianiUffl 
bickcsllli is the only one to attain much coverage. 
Corydalis auisa Willd. and Bfllltia EALlallala (Donn) Howell 
Here present in spring and early summer of 1978 in the lower 
ravines but neither has been seen since in ravine stands. 
There are thirteen vascular species that appeared in 
the second summer's data, but were not recorded in the first 
summer's data. Most of these are biennials or perennials 
which produce small rosettes the first year, that are easily 
overlooked if they are not actually established in a plot. 
Others are plants that undoubtedly seeded in from nearby 
areas and upland sites between 1978 and 1979. There have not 
been any very significant additions to the ravine flora 
since the second year (1978) after the fire. 
FUEL LOADING RESULTS. 
iLU£iS. 
Fuel loads are summarized for each stand in Appendix 
T'ibles 12 to 26. While data were taken from the same plot 
areas each year, the individual fuel transects are not 
identical for each year and there are fluctuations between 
each year's data for a given area, attributable to these 
differences in fuel sampling. Therefore, data between years 
should not be directly compared, although data between areas 
may be, and trends may be noted. 
Ravine stands are narrowly restricted In area and only 
three or four, sometimes tlva, luel loading plots could be 
sampled in each delineated stand. The small sample size 
leads toward great variation '^tthln stands and between 
similar stands. After comparing the stands individually/ It 
Has decided to group then in order to obtain a larger sample 
size. Grouping was done on the basis of overall site 
similarity. Criteria for grouping Included elevation, slope 
steepness and moisture as well as some vegetative 
comparisons. Thus, Croup I consists of the lower, gently 
sloping, drier ravines with large amounts of seedei grass. 
Group II stands are mid-elevation, slightly steeper and the 
moistest areas with only trace or no seeded grass cover. 
Group in stands are the highest, steepest and driest with 
moderate amounts of seeded grass. 
The unburned control stand was not included In these 
groups, although its data are Included in Table 9. It is 
probably closest in elevation, moisture and veyetation to 
stands in Group III and its fuel loads could be compared 
with fuel loads in that group. 
The fuel data for these groups are summarized by fuel 
class in Table 9. Generally a total fuel load is considered 
as light if it is under 22.5 metric tons per hectare; medium 
is between 22.5 and 78.5 metric tons per hectare; and, heavy 
is over 78.5 metric tons per hectare. 
Table 9. Pattee Canyon Fuel Data By Groups. All Data are Listed as Metric Tons/Hectare. 
Group I Group II Group III Control Stand 
1978 1979 1978 1979 1978 1979 1978 1979 
Fines (including dead 
grass and forbs) 1.99 2.52 4.70 4.25 1.79 2.62 4.0 3.11 
1 to 3 inch material 5.04 4.46 3.49 3.17 4.02 3.16 4.28 .85 
Sound material over 3" 24.26 23.86 13.0 13.44 11.59 14.43 19.65 17.74 
Rotten material over 3" 4.67 3.35 3.76 4.44 1.71 .83 1.83 2.37 
Duff 2.71 2.28 207.67 199.36 7.38 6.37 90.78 104.70 
Dead brush .07 .04 .75 .03 .03 .04 .09 .03 
Total Dead Fuels 38.74 36.52 233.38 224.68 26.52 27.45 120.60 128.81 
Live grass and forb .81 1.83 1.02 1.80 1.04 1.24 .06 .06 
Live brush .82 1.62 3.29 1.25 .39 .81 1.48 1.15 
Total Fuel Load 40.37 39.97 237.69 227.73 27.96 29.51 122.19 130.02 
Standard Deviation 20.61 19.97 205.50 234.48 22.95 25.72 35.03 32.01 
% Error 12.4% 12.1% 21.0% 25% 18.3% 20% 14.3% 12.3% 
Many factors affect fire, but a fire's ignition/ 
buildup and behavior depend upon the types and sizes of 
fuels more than any other factor (Brown and Davis 1973)• 
Fine fuels. Including dry cjra;?!>/ ignite easily and a tire in 
such fuel spreads rapidly, however, it does not burn as long 
or intensely as a fire in larger fuels. Fine fuels present 
before the 1977 fire were undoubtedly consumed in that fire. 
Fine fuels present in 1978 were derived from 
incompletely consumed tree and shrub crown litter plus that 
season's dead grass and forbs. This base is beino enlarged 
by each succeeding season's dead grass and forbs, as well as 
further material from dead tree crowns. It is very unlikely 
that fine fuels actually decreased in Group II, although 
they may not have increased much, since there is no seeded 
grass. The apparent decrease may have been due to sampling 
variation. Also in areas within Group II, there are at 
present (1980), trees killed in the 1977 fire that have full 
canopies of dead needles yet to fall. 
Fuel loading of 1-3 inch diameter material is 
relatively uniform throughout the ravines, Sound material 
over 3 Inches is much higher in the lower ravines. Much of 
the material in this fuel category was burned but not 
consumed in the fire, thus reducing the volatile chemicals, 
and making the material less flamable. Larger-sized fuels 
are more important in the intensity and duration of the fire 
since they tend to burn hotter and longer once Ignited, 
Duff fires can be eKtreraely intense and long lasting 
once ignited. Most of the area in Groups I and III burned 
down to bare mineral soil with occasional pockets of duff 
remaining. In Group II stands, however, the duff was 
apparently moist as It did not ignite during the fire. Since 
1977 was a very dry year. It seeras likely that a severe 
drought would be required to dry these heavy duff areas 
sufficiently for the duff to burn. 
In 1979 there were definite increases in both live 
grass and forb and live brush loads over those loads present 
in 1978. The apparent decrease in Group II should be 
attributed to the change in transects and sampling error. 
Group II stands have more shrubs; these recovered faster 
initially, and are now increasing more rapidly than the 
other areas. 
Total fuel loads in early succession stands might be 
expected to parallel the moisture gradient with heavest 
loads in the wettest stands. These stand groups follow this 
expectation with Group II, the moistest, having the heavest 
load. Much of this load, it should be noted, is due to the 
heavy duff. 
Another major factor in fuel loading Is the spatial 
arrangement of the fuel. Since the area burned recently, 
nost study sties areas have intact no tree crowns and the 
vertical distributions of fuel are less important. However 
the horizontal distribution of fuel, or continuity, is 
important although the tendency of some fires to "spot" can 
overcome discontinuities in the fuel. One indicator of the 
arnount of continuity is the standard deviation. High 
standard deviations generally indicate frequent 
discontinuities in fuel/ and standard deviations in Groups 
II and III seem quite high in comparison with the total fuel 
loads in these stand groups. 
The amount of fuel that actually burns during fire is 
dependent upon several other factors, some of which include 
fuel moisture/ vapor pressure deficit, wind/ air temperature 
and slope. These factors are considered in the FIREMOD 
computer program, based on Rothermel's 1972 model for rate 
of fire spread in wildland fires (Albini 1976). A grassfire 
version of the program/ believed to be the most appropriate/ 
was used in analyzing the fuel data from these recently 
burned stands. The unburned control stand was not used in 
this analysis. 
In analyzing the Pattee Canyon data, a primary question 
concerned effects of the seeded grasses on a fire's 
behavior. An attempt was made/ therefore/ to analyze the 
data through FIREMOD with soedel grass cover/ as the area 
presently exists, and also without the seeded grasses. After 
the first FIREMOD run with all the data/ a proportion of the 
grass and herb data/ both live and dead, equivalent to the 
proportion of seeded grass in the area was removed from the 
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data base for a second run siiaulating the area without the 
seeded grasses. 
This approach gives a rough estimate of probable eftect 
only, since it ignores the probable utilization of the 
resource by other species in the absence ot the grass^ and 
conversely it ignores~ the larger bioraass of these grasses 
and the proportinately larger amount of dead material 
produced annually by them. Also, other plant species seeding 
in naturally would not have established as quickly. 
Table 10 shows the results of the FIREMOD model 
analysis for the three groups of stands described above, 
with and without seeded grass, in both 1978 and 1979. Two 
climatic and moisture conditions are considered, those 
prevailing during a spring burn and those prevailing during 
a fall burn. 
Reaction Intensity Is defined as the rate of heat 
release per unit area of ground beneath the fuel bed. This 
value Is higher for a fall fire than for a spring fire. 
Comparing the values for the stands, including seeded 
grasses with the values for the stands without seeded 
grasses, shows a large difference between the lower ravines 
of Group 1, where the seeded grass Is particularly lush, and 
the upper ravines of Group III where the seeded grass is not 
as lush. There are no comparative values in Group II because 
the seeded grass did not achieve more than trace coverage in 
these moist stands. As mentioned above, the differences 
Table 10. FIREMOD Model Results Using Pattee Canyon Fuel Data. Seeded grass data were not deleted 
from Group II since only trace amounts of seeded grass were present. 
SPRING 
Reaction Intensity 
(kcal/mvsec) 
Rate of Spread 
(meters/min) 
wind of 0 km/h. 
6.4 " 
19.3 " 
32.2 " 
Byrams Intensity 
(kcal/m/sec) 
wind of 0 km/h. 
6.4 " 
19.3 " 
32.2 " 
FALL 
Reaction Intensity 
(kcal/m2/sec) 
Rate of Spread 
(meters/min) 
wind of 0 km/h. 
6.4 " 
19.3 " 
32.2 " 
Byrams Intensity 
(kcal/m/sec) 
wind of 0 km/h. 
6.4 " 
19.3 " 
32.2 " 
Group I Group II Group III 
1978 1979 1978 1979 1978 1979 
with without with without wi th with with without with without 
grass grass grass grass grass grass grass grass grass grass 
114.6 109.1 96.0 69.4 89.5 97.0 79.7 76.9 78.9 71.7 
. 11  .11  
.78 .85 
2.55 2.61 
4.55 4.51 
.14 .12 
.93 .86 
4.20 3.34 
8.81 6.5* 
.17 .18 
.94 .9 
3.19 3.4 
5.88 6.65 
.36 .36 
.84 .84 
2 . 2 2  2 . 2 1  
3.87* 3.82* 
. 6 6  . 6 2  
1.48 1.38 
5.02 4.57 
10.16* 9.09 
3.9 4.3 
28.4 32.4 
92.5 99.5 
165.0 172.0 
2.7 2.1 
18.1 14.6 
81.8 56.9 
171.6 110.8 
4.4 4.1 
23.3 20.8 
79.2 78.5 
146.3 153.5 
8 .2  8 .1  
18.9 18.8 
50.2 49.2 
87.4 85.0 
10.1  8 .8  
22.6 19.9 
76.7 65.8 
155.3 131.0 
123.7 114.1 116.9 74.1 99.1 118.3 9.16 87.1 93.7 82.9 
.33 .32 .41 .27 .45 .53 1.15 
2.4 2.4 2.80 1.89 2.34 2.72 2.66 
7.83 7.36 12.61 7.32 7.98 10.31 7.06 
13.97 12.73 26.47 14.24* 14.74 20.15 12.29 
1.12 1.72 
2.59 3.84 
6.78 13.05 
11.73* 26.41 
1.51 
3.39 
11.20 
22.29* 
12.7 12.6 
94.0 95.7 
306.4 293.5 
546.4 507.4 
9.8 5.0 
66,3 34.3 
299.0 132.9 
627.5 258.9 
12.3 15.0 
65.1 76.6 
221.3 290.5 
408.9 567.8 
29.8 28.1 
69.0 65.2 
183.1 170.9 
318.7 295.4 
31.2 25.1 
69.7 56.4 
237.0 186.5 
479.4 371.3 
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between years cannot be directly compared since the fuel 
transects were different. 
Rate of spread is a measure of a fire's velocity. 
Factors important in increasing the rate of spread are large 
amounts of dry/ flashy fuels, including dry grass, steep 
slopes and wind velocity. Effects of slope can readily be 
seen in comparing data from Group I with Group III at low 
wind speed. Even though there is less fine fuel to burn, 
spread is faster with the steeper slopes. 
The effect of the seeded grass is two-fold. In the 
spring, green grass can reduce the speed of the fire. This 
effect was most pronounced the first spring (1978) when 
ttiere was no dead grass. In 1979 the grass figures Include 
dead grass and the dampening effect of live grass is 
overshadowed by the effect of dead grass in carrying a fire. 
However, In the fall when the grass is curing, it 
contributes greatly to the rate of spread. Especially in the 
heavy grass area of Group I, the data for fall of 1979 shows 
a large increase in the rate of spread of a fire carried in 
the seeded grass. 
Byram's intensity is the product of the available heat 
of combustion per unit area of the ground and the rate of 
spread of the fire. The dampening effect of live green grass 
in 1978 shows clearly here also. However, the comparison 
with and without seeded grass in 1979, when the effect of 
the dead grass becomes a major factor, is quite different 
a'ld shows some large increases due to the seeded grass. 
Since more dead grass will be added annually over the next 
years and decomposition proceeded nlowly in this area/ the 
effect In future years should be to add to this type of 
fuel/ especially In the Group I ravine areas. 
Without any direct comparisons. It Is difficult to 
determine the exact effect of grass seeding on future fire 
potential. The impact of seeded grasses on fuel is most 
severe in the lower ravines. However/ these are not 
representative of the 1977 burn as a whole, and the upper 
stands of Group III might be more representative of the 
whole burn. 
On a final note/ wildlife use of the ravines was 
observed but not measured quantitively. Songbirds used both 
resprouting and dead shrubs from the first (1978) summer for 
nesting sites. Grouse and deer used ravine pjants as food, 
used the ravines as travel routes, and/ especially, used the 
surface waters In ravine streams and springs. Even a tiny 
spring above Stand 6 attracted wildlife/ perhaps because the 
ravine's location on the edge of the burn made it a 
particularly useful travel route. Fresh bear scats were 
found both summers in Stand 15, just above Stand 6; a bear 
also visited Stand 13 for huckleberries (VaccinV'm 
Rydb.). 
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CHAPTER 6: SUMMARY 
Following the Pattee Canyon wildfire of 1977, thirteen 
permanent transects for vegetation analysis were established 
in ravines within the burned area. A fourteenth stand was 
established in a ravine just outside the burn perimeter to 
serve as a comparison. Fuel loading data were also taken 
from each stand area. Perennial grasses were aerially seeded 
in November of 1977 and their effects on revegetation and 
fuel were followed in this study. 
In order to facilitate discussion of the results, 
stands were grouped in accordance with groupings shown by 
both cluster analysis and ordination of the stand data. Two 
important factors in this grouping were the available 
moisture in an area and the severity of the burn. Stands in 
moister sites were generally less severely burned; those in 
upper dryer areas that had been previously logged were 
moderately severely burned; and those in the lower areas 
that had previously supported "doghair thickets" of 
£2£Uili2£SU^d JBfiDiifiSii were very severely burned. 
The vegetation results data show a generally rapid 
racovery of the shrub strata. Almost all of this recovery 
has been from root crown or rhizome resprouts with few 
seedlings. Tree recovery as seen to date (summer, 1980) has 
been limited to survivor trees in several stands. No 
post-fire tree seedlings have been observed in stand sample 
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plots, although some have been observed on a bench next to 
Stand 5 beneath surviving LaiiX QCCidaoialiS. 
Much of the natural herbaceou.'j regeneration, like shrub 
regeneration/ has come from buried parts e.g. rhizomes and 
corms. Apparently a few species have originated from buried 
seed banks; others started from wind-carried seedsy and, 
there has been some secondary colonization from species 
surviving the fire vegetatively and producing seed in 1978 
and 1979. 
The herbaceous layer appears most affected by the 
seeding of perennial grasses on the burn. These grasses seem 
to have been virtually unsuccessful in establishing on moist 
areas where the ground layer vegetation survived the fire 
Intact, or came back quickly (Spring 1978) following the 
fire. In the most severely burned sites in Group I stands 
the seeded grasses initially established very well, as they 
did on the surrounding slopes. Subsequently, these seeded 
grasses have grown lush, possibly shading out other 
herbaceous species and depressing low shrubs. In the higher 
and dryer ravine areas the seeded grasses established well 
and have grown as well as they have on the neighboring open 
slopes, competing with other forbs but not smothering them. 
A primary goal in the decision to seed perennial 
grasses was to stabilize soils and prevent erosion. Some 
evidence of the success of this was observed in Hay of 1980 
when excessive rainfall caused the stream channels to 
101 
overflow. The seeded grass did appear to contribute to the 
stabilization of these ravine soils. It is believed, 
however/ that natural reve'jetation could have stabilized 
them equally well/ without the disruption of natural 
regeneration/ although it might have taken an additional 
growing season to reach the same level of protection. 
Of the stand groups those stands in Group II 
regenerated most rapidly. These stands are quite moist with 
a sizeable tall shrub component which resprouted quickly. 
Their herbaceous layer also regenerated quickly/ mostly from 
resprouts/ and little or no seeded grass was able to 
establish. 
Stands in Group IV are moist and regenerated quickly as 
well. These areas differed froia the areas in Group II by 
being previously logged and disturbed. They have few tall 
shrubS/ having instead a large component of iiutus 
parvlflorus and herbaceous specles generally assoicated with 
early succession. 
The aerially seeded grasses were more successful In 
terms of plant cover In the most severely burned area of 
Group I where they continue to dominate, «hile tall siirubs 
regenerated quickly and have been able to shade out seeded 
grasses/ lower shrubs have been overtopped and shaded In 
many caseS/ as have many of the herbaceous species. 
Stands In Group III occupy the highest, steepest, and 
dryest parts of the canyon walls. Shrubs are becoming 
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dominant in these stands but bare ground was still common in 
summer 1980/ three years after the fire. The seeded grasses 
did moderately well in this area, however/ they seem to be 
responding to the less favorable moisture and have not 
achieved the dominance they hold in Group I. 
The unburned control stand has tall shrubs dominant 
beneath the tree canopy and a relatively sparse cover of low 
shrubs and herbaceous species. This appears to be a common 
part of the pattern for these ravines before the fire 
although there were undoubtedly more open areas as well. The 
burned-over areas show this high shrub component which is 
regenerating rapidly. The low shrub and herbaceous 
components of the vegetation are more varied. One important 
source of variation is the presence or absence of summer 
water in the stream; the next most important source of 
variation is previous disturbance. Taking these variations 
into account/ there is definitely a rapid progression in all 
of these stands toward an understory dominated by shrubs. 
Five stands had shrub cover of or more of the total 
vegetation cover by the summer of 1979 and another five had 
at least 40% shrubs. 
Another phase of this study dealt with the fuel loading 
present on the ravine sites following the fire. Again stands 
were grouped/ in three slightly different groups, with 
stands 5, 6/ 11/ 12 and 14 comprising Group II. Fuel loads 
were heavy in the unburned stand and Group II; loads were 
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raoderate In Groups I and III. Without the heavy duff in one 
area of Group II/ its loads would have been moderate also. 
These moderate to heavy fuels appear sufficient to support 
another fire. 
Since most ravine trees were killed in 1977, a grass 
and/or shrub fire could be possible. The behavior of a 
hypothesized grass fire was analyzed by the FIREMOD computer 
program. The severity of a fire is dependent upon 
environmental conditions and various conditions were 
considered. A serious fire is quite possible, especially 
with 16 to 20 mph winds. These data only consider ravine 
sites and upland data should also be considered before 
making predictions. 
Possible effects of the grass seeding on potential 
fires were considered as well. In the spring of 1978 the 
initial effect of the seeded grass was to dampen a fire 
since live, green materials do not burn as well. Later, in 
the fall of 1978, as the grass began to cure this changed, 
and the grass is contributing more and more to the intensity 
and rate of spread as more dead grass accumulates each year. 
Plant growth is rapid in these moist ravine sites; 
further, streamslde plants are generally adapted to 
disturbance by spring spates. Fire influences are quite 
different; nevertheless, adaptions to one type of 
perturbation can serve for other disturbances. The 
interesting possibility exists that ravines may serve as 
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between-fire refugia from which tire adapted plants such as 
Ep^Iobium anaiifitilfliiyiD may colonize upland sites during 
early succession. 
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Table 12, Summary of fuel loading in Stand 1 for ^ plots sampled 
in 1978 and for 4 plots sampled in 1979. Fuel weights 
are expressed in metric tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 48.97 42.37 
Live grass and forb 1.14 1.54 
Live brush 
Total fuel load 
Standard deviation 
Percent error 
Fuel depth(cm.) 
Green depth 
Dead depth 
Brush depth 
Duff depth 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs 
Percent cover 
Total brush 
Dead brush 
1.07 1.49 
51.18 45.40 
8.41 19.99 
8.2% 22.0% 
30.28 45.92 
4.24 44.88 
50.80 63.83 
.28 .25 
1.07 1.49 
.03 .05 
1.10 1.54 
42.8% 50.0% 
2.5% 3.8% 
^ ̂  , 42.6% 39.9% 
Total grass and forb ^ n"/ ot nv 
J J r 1. j.U/4 z/.u/o 
Dead grass and forb 
Stand age 
0 1 
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Table 12. Summary of fuel loading 
in 1978 and for 5 plots 
are expressed in metric 
in Stand 2 for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 31.68 39.95 
Live grass and forb .91 1.70 
Live brush *71 1*66 
Total fuel load 33.31 43.30 
Standard deviation 4.57 10.21 
Percent error 6.1% 10.5% 
Fuel depth(cm.) 
Green depth 26.59 52.65 
Dead depth 4.90 31.67 
Brush depth 47.75 76.20 
Duff depth *25 .20 
Shrub loading 
Live shrubs 1.66 
Dead shrubs .0^ 
Total shrubs 1.70 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
43.0% 52.0% 
2.5% 2.5% 
29.5% 44.0% 
2.5% 15.4% 
Stand age 
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Table 12 Summary of fuel loading 
in 1978 and for 3 plots 
are expressed in metric 
in Stand 3 for 3 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 43.08 37.43 
Live grass and forb -49 2.80 
Live brush 1-38 1*74 
Total fuel load 44.95 41.97 
Standard deviation 38.41 30.77 
Percent error 49.3% 42.3% 
Fuel depth(cm.) 
Green depth 38.94 58.98 
Dead depth 9.60 12.42 
Brush depth 55.04 45.72 
Duff depth 0 0 
Shrub loading 
Live shrubs 1.38 1.74 
Dead shrubs 
Total shrubs 1.68 1.78 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
32.1% 45.0% 
8.8% 2.5% 
34.2% 57.4% 
3.3% 12.3% 
Stand age 
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Table 12. Summary of fuel loading 
in 1978 and for 5 plots 
are expressed in metric 
in Stand ^ for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 35.03 27.87 
Live grass and forb .62 1.62 
Live brush .40 1>60 
Total fuel load 36.05 31.09 
Standard deviation 25.87 23.92 
Percent error 32.1% 34.4% 
Fuel depth(cm.) 
Green depth 23.19 33.71 
Dead depth 2.54 15.24 
Brush depth 38.10 56.13 
Duff depth 0 q 
Shrub loading 
Live shrubs *^0 1.62 
Dead shrubs >02 .Q4 
Total shrubs *^2 1.66 
Percent cover 
Total brush 30.0% 53.5% 
Dead brush 3.5% 2.5% 
Total grass and forb 32.5% 49.8% 
Dead grass and forb 3.0% 18.8% 
Stand age 
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Table 12. Summary of fuel loading in Stand 5 for 4 plots sampled 
in 1978 and for 4 plots sampled in 1979. Fuel weights 
are expressed in metric tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 223,69 210.19 
Live grass and forb .73 1.31 
Live brush .63 1.42 
Total fuel load 225.05 212.92 
Standard deviation 117.27 135.39 
Percent error 26.1% 31.8% 
Fuel depth (cm.) 
Green depth 55.04 62.03 
Dead depth 28.58 16.51 
Brush depth 73.66 63.50 
Duff depth 10.31 9.42 
Shrub loading 
Live shrubs 1.42 
Dead shrubs -0^ 
Total shrubs 1.46 
Percent cover 
Total brush 66.9/i 60.6% 
Dead brush ^0-6% 2.5% 
Total grass and forb 26.4% 27.8% 
Dead grass and forb 4.4/ 4.4% 
Stand age 0  1 
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Table 12. Summary of fuel loading 
in 1978 and for 4 plots 
are expressed in metric 
in Stand 6 for 4 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 80.51 61.92 
Live grass and forb 1.05 1.99 
Live brush 10.84 1«36 
Total fuel load 92.39 65.27 
Standard deviation 71.99 56.75 
Percent error 39.0% 43.5% 
Fuel depth(cm.) 
Green depth 51.87 62.66 
Dead depth 17.78 31.11 
Brush depth 71.76 61.93 
Duff depth 3.45 2.41 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
10.84 1.36 
2.71 .03 
13.55 1.39 
55.9% 58.4% 
20,3% 2.5% 
37.0% 43.5% 
12.0% 9.8% 
Stand age 
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Table 12, Summary of fuel loading 
in 1978 and for 4 plots 
are expressed in metric 
in Stand 8 for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 24.43 28.23 
Live grass and forb 1.45 1.70 
Live brush >49 *79 
Total fuel load 26.38 30.71 
Standard deviation 15.71 8.36 
Percent error 26.6% 13.6% 
Fuel depth(cm.) 
Green depth 35.74 35.13 
Dead depth 5.08 14.61 
Brush depth 37.59 47.96 
Duff depth *15 2.79 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs .54  .81 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
31.8% 22.8% 
8.3% 2.5% 
32.4% 38.8% 
4.5% 15.9% 
Stand age 
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Table 12. Summary of fuel loading 
in 1978 and for 5 plots 
are expressed in metric 
in Stand 9 for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 7.41 15.82 
Live grass and forb 1.00 1.10 
Live brush .42 1.12 
Total fuel load 8.84 18.03 
Standard deviation 5.15 8.22 
Percent error 26.0% 20.4% 
Fuel depth(cm.) 
Green depth 20.83 39.95 
Dead depth 3.38 19.81 
Brush depth 38.61 36.07 
Duff depth *76 1.78 
Shrub loading 
Live shrubs -^2 1.12 
Dead shrubs *03 .03 
Total shrubs 1.15 
Percent cover 
Total brush 22.5% 29.3^ 
Dead brush 5.5/^ 2.5/i 
Total grass and forb 28.7% 39-0% 
Dead grass and forb 3.0% 25.6% 
Stand age 
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Table 12. Summary of fuel loading 
in 1978 and for 4 plots 
are expressed in metric 
in Stand 11 for 4 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare• 
Fuel loading summary 1978 1979 
Dead fuel load 609.06 602,94 
Live grass and forb 1.72 2.12 
Live brush 1»26 1.15 
Total fuel load 612.04 606.20 
Standard deviation 23.64 22.34 
Percent error 19.5% 18.0% 
Fuel depth(cm.) 
Green depth 61.80 70.05 
Dead depth 23.29 10.16 
Brush depth 32.39 80.34 
Duff depth 12.00 12.00 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs 
1.26 1.15 
.12 .03 
1.38 1.18 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
40.3% 67.5% 
13.4% 2.5% 
48.4% 55.6% 
3.8% 9.7% 
Stand age 
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Table 12, Suramary of fuel loading 
in 1978 and for 5 plots 
are expressed in metric 
in Stand 12 for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 47.93 43.00 
Live grass and forb .77 .65 
Live brush * 28 .60 
Total fuel load 48.98 44.25 
Standard deviation 21.92 43.10 
Percent error 20.0% 43.6% 
Fuel depth(cm.) 
Green depth 19.99 38.93 
Dead depth 3.38 18.11 
Brush depth 28.70 36.83 
Duff depth 1.07 .53 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs .29 .68 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
25.5% 42.3% 
2.5% 8.3% 
36.3% 49.3% 
3.0% 44.3% 
Stand age 
13A 
Table 12. Summary of fuel loading 
in 1978 and for 5 plots 
are expressed in metric 
in Stand 13 for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 26.32 22.92 
Live grass and forb -95 1.61 
Live brush > 39 * 75 
Total fuel load 27.65 25.27 
Standard deviation 27.11 23.23 
Percent error 43.8% 41.1% 
Fuel depth(cm.) 
Green depth 
Dead depth 
Brush depth 
Duff depth 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
Stand age 
19.99 35.74 
3.05 27.61 
31.50 29.21 
.25 .33 
.39 .75 
. 02  .02  
.41 .77 
29.8% 29.3% 
3.5% 2.5% 
36.9% 40.3% 
3.5% 31.9% 
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Table 12. Summary of fuel loading 
in 1978 and for 5 plots 
are expressed in metric 
in Stand 1^ for 5 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 58.85 63.88 
Live grass and forb -68 1.79 
Live brush 1*00 1.12 
Total fuel load 60.53 66.78 
Standard deviation 21.87 33.88 
Percent error 16.2% 22.7% 
Fuel depth(cm.) 
Green depth 26.09 
Dead depth 
Brush depth 
Duff depth 
4.06 41.33 
40.13 55.12 
1.42 1.70 
Shrub loading 
Live shrubs 
Dead shrubs 
Total shrubs 
1.00 1.12 
.03 .03 
1.03 1.15 
Percent cover 
Total brush 
Dead brush 
Total grass and forb 
Dead grass and forb 
33.5% 31.3% 
2.5% 2.5% 
43.4% 58.1% 
2.5% 18.1% 
Stand age 
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Table 12. Summary of fuel loading 
in 1978 and for 4 plots 
are expressed in metric 
in Stand 15 for 4 plots sampled 
sampled in 1979. Fuel weights 
tons per hectare. 
Fuel loading summary 1978 1979 
Dead fuel load 120.65 128.81 
Live grass and forb .06 .06 
Live brush 1.48 1.15 
Total fuel load 122.19 130.02 
Standard deviation 35.03 32.01 
Percent error 14.3% 12.3% 
Fuel depth(cm.) 
Green depth 25.02 13.97 
Dead depth 4.45 6.15 
Brush depth 81.28 46.05 
Duff depth 4.78 5.49 
Shrub loading 
Live shrubs 1.48 1.15 
" Dead shrubs .09 .03 
Total shrubs 1.57 1.18 
Percent cover 
Total brush 32.8% 24.1% 
Dead brush 3.8% 2.5% 
Total grass and forb 10.1% 27.2% 
Dead grass and forb 40.8% 52.7% 
Stand age 77 78 
Height of crown base(dm.) 62.48 62.48 
